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Chapter 1

Introduction

The kidneys, two bean-shaped organs located behind the lower ribs on the dorsal side, play a
crucial role in the regulation of body water volume and removal of waste products. When the
kidney structure or function is impaired for more than three months with health consequences,
this is defined as chronic kidney disease (CKD) [1, 2]. Examples of abnormalities in kidney
structure or function are a glomerular filtration rate (GFR) <60 ml/min/1.73 m?, albuminuria, and
abnormalities detected by histology orimaging [1, 2]. In the Netherlands, more than 12% of the
population (2 million people) have CKD [3].

If CKD worsens, patients should receive education on the different treatment options for end-
stage kidney disease (ESKD; defined as an estimated GFR < 15 ml/min/1.73 m?), namely kidney
transplantation, dialysis (i.e. hemodialysis (HD) and peritoneal dialysis (PD)), and conservative care
[1,4]. In the last decade, more attention has been paid to the fact that this education should be
a shared decision-making process to address ‘the ethical need to fully inform patients about the
risks and benefits of treatments, as well as the need to ensure that patients’ values and preferences
play a prominent role’ [4].

The model for shared decision-making was first described in 1972 [5] and has since been further
developed. Elwyn et al. transformed the components of the shared decision-making process into
3 sequential conversations: choice talk, option talk, and decision talk [6]. In the choice talk, the
healthcare professional tells the patient that there are treatment options. In the option talk(s), all
treatment options with advantages and disadvantages and any contraindications are discussed.
Itis also indicated that it is important that the chosen treatment option is feasible and fits into
daily life. Finally, a decision talk is held in which a joint decision is made. The goal of these 3
sequential conversations is to transform a patient’s (possible) initial preferences into informed
preferences (Figure 1) [6].

DELIBERATION

Initial

Preferences > e

Preferences
Choice Option Decision —» Decision
Talk Talk Talk

Figure 1. Conversations during shared decision-making process (source: Elwyn G, et al., Shared decision
making: a model for clinical practice. J Gen Intern Med, 2012)
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Introduction and outline

Tools can support the shared decision-making process during the ESKD education. In 2017, three
Dutch tools, also called patient decision aids, became available: the Option Grids, the Dutch
Kidney Guide, and the 3 Good Questions. The Option Grids are tables that describe the answers to
frequently asked patient questions regarding certain treatment options. Two Dutch Option Grids
are available: (1) Permanent damage to your kidneys: kidney replacement therapy or conservative
treatment, (2) Permanent damage to your kidneys: options for kidney replacement therapy [7].
The Dutch Kidney Guide is a website that contains film clips of over 40 patients who are treated
with kidney transplantation, various forms of HD and PD, and conservative care. In these film
clips, patients explain the impact of the treatments on 19 domains of their daily lives (e.g. work,
vacation, pets) [8]. The 3 Good Questions are: (1) What are my options? (2) What are the possible
benefits and risks of those options? (3) What does that mean in my situation? [9, 10] While the 2
Option Grids and Dutch Kidney Guide were specifically designed for ESKD patients, the 3 Good
Questions are applicable to conversations about treatment decisions between any patient and
healthcare professional.

The 3 Good Questions are also featured in a national campaign on shared decision-making,
initiated by patient organizations (i.e. Patiéntenfederatie Nederland) and organizations from
medical-specialists (i.e. Federatie Medisch Specialisten), general practitioners (i.e. Landelijke
Huisartsen Vereniging and Nederlands Huisartsen Genootschap), nursing and paramedical care
(i.e. Verpleegkundigen & Verzorgenden Nederland), which started in the Netherlands in September
2021 [11]. The goal of this campaign is to promote shared decision-making by getting patients
and caregivers to ask questions, listen better, and prepare conversations. Prior to the campaign,
a survey among Dutch patients and healthcare professionals showed that 46% of healthcare
professionals say they make shared decisions with the patient, while only 37% of patients say they
make decisions together with their healthcare professional [12]. The campaign provides tips and
tools to make better and more frequent shared decisions, since shared decision-making leads
to anincrease in satisfaction, therapy adherence, involvement, and being informed on the one
hand, and a decrease in doubt, regret, and costs on the other hand [11, 13-15].

Each year in the Netherlands, approximately 2,000 patients reach ESKD [16]. In 2021, 18,107
Dutch ESKD patients were treated with a form of kidney replacement therapy (KRT), either kidney
transplantation or dialysis [17]. Unfortunately, it is unknown how many Dutch patients are currently
treated with conservative care. About one-third of patients treated with KRT are treated with a
form of dialysis either HD or PD [17].

In HD, a connection is made between a patient’s vascular access (i.e. central venous catheter,
arteriovenous fistula or graft) and the dialysis machine. The patient’s blood flows into the dialysis
machine where it passes through a dialyzer. The dialyzer contains 2 compartments, one for
the patient’s blood and one for the dialysate fluid, which are separated by a semi-permeable
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membrane. Through processes such as diffusion and convection, waste products and excess
body water from the blood pass through the membrane into the dialysate fluid and are removed.
HD can be performed in a hospital/dialysis center (in-center HD) or at home (home HD), with
in-center HD often done by a nurse while at home it can be done by a nurse, family caregiver or
the patient him/herself. In addition, it can be performed during the day or at night. Different HD
schedules are used, such as 3 sessions of 4 hours per week during the day, 6 sessions of 2 hours
perweek during the day or every other night for 8 hours. The schedule with 3 sessions of 4 hours
per week is most commonly used and therefore called ‘conventional HD’. HD has advantages,
such as professional care and socialization with other patients when performed in-center [18, 19].
However, conventional HD is intermittent, thus unphysiological, and has disadvantages, such as
fluid restrictions, dialysis hangover, access complications, higher mortality compared to PD, and
the need to travel to and from the hospital/dialysis center [18-20].

In PD, the peritoneal membrane in the patient’s abdomen acts as a dialysis membrane. Dialysate
fluid is instilled into the abdomen through an abdominal catheter called the PD catheter. Waste
products and excess body water from the blood compartment flow through the peritoneal
membrane into the dialysate fluid through diffusion and ultrafiltration, the latter due to the
presence of a transmembrane osmotic gradient. Diffusion and ultrafiltration occur day and night
when PD patients have dialysate fluid in theirabdomen. PD is performed at home most often by
the patient, and sometimes by a partner, family caregiver or medical homecare nurse. When a
patient receives help to perform PD, it is referred to as assisted PD [21]. PD has advantages, such
as patient autonomy, less hospital visits, and preservation of residual kidney function [18, 19].
However, PD also has potential complications, such as peritonitis and risk of membrane failure
(18, 19,22].

In the last decades, many studies have been conducted on the mortality and morbidity of dialysis
patients. The mortality rate of dialysis patients is high, more than 50% of patients die within 5
years after starting dialysis [20, 23]. The morbidity of dialysis patients is also high, specifically by
cardiovascular diseases such as coronary artery disease and atrial fibrillation [24], and stroke [25],
often leading to hospitalizations [26-29]. Notwithstanding the fact that research on the mortality
and morbidity of dialysis patients is important, there is an increasing call for studies on patient
reported outcomes, such as quality of life [29-32]. Health-related quality of life (HRQoL) can be
determined with patient reported outcome measures (PROMs), questionnaires that, in addition to
HRQol, focus on patients’ symptoms and functional status [33]. Initially, PROMs were developed
forusein research, butin recent years they have also been used increasingly in clinical care [33-35].

Dialysis patients have a poor quality of life [36, 37]. Performing a home dialysis therapy, i.e. PD

or home HD, has potential advantages such as self-care, fewer hospital visits, and the ability to
engage in professional or social activities, which could contribute to a better quality of life [38-
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Introduction and outline

44]. However, recent data regarding the effects of dialysis at home on HRQoL, clinical outcomes,
and costs compared with in-center HD are lacking. Therefore, we initiated the Dutch nOcturnal
and hoME dialysis Study To Improve Clinical Outcomes (DOMESTICO), to shed more light on this
important topic. DOMESTICO started in 2017 and consists of a retrospective and a prospective
cohort, and an implementation project called ‘Good Practices and Shared Decision-Making’
(Figure 2).

C®)

I

DOMESTICO
Retrospective Clinical

DOMESTICO
Good Practices

2
H
v

| 2012-2017 2018 2019 2020 2021

Figure 2. Overview of the Dutch nOcturnal and hoME dialysis Study To Improve Clinical Outcomes
(DOMESTICO)

For the retrospective part of DOMESTICO, data are collected from adult patients (> 18 years) from
41 Dutch hospitals who started dialysis treatment (i.e. PD or HD) between January 1, 2012 and
January 1, 2017. In this cohort, the causes and modifiable factors of technique failure in home and
nocturnal dialysis will be investigated. In addition, clinical outcomes (including hospitalization,
blood pressure and metabolic regulation, mortality) of home and nocturnal dialysis patients will
be compared with those of in-center HD patients.

For the prospective part of DOMESTICO which started on December 22, 2017, patients starting
dialysis in 59 dialysis centers across the Netherlands and Belgium are included. The primary
objective is to determine the effects of home dialysis on HRQolL compared to in-center HD,
measured with PROMs. Secondary objectives are; 1) to perform a cost-effectiveness analysis of
home dialysis compared to in-center HD; 2) to determine the clinical outcomes of home dialysis,
particularly hospitalization and mortality, compared to in-center HD and to identify modifiable
factors [45].

The implementation project ‘Good Practices and Shared Decision-Making’ was conducted from
January 2018 to May 2019 and aimed to improve the education process regarding different ESKD
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treatment options (i.e. conservative care and KRT) through the application of Good Practices and
Shared Decision-Making. The project was conducted in 12 Dutch hospitals and several products
were developed, such as a workshop “Shared decision-making: from information to dialogue”
in which shared decision-making and the three Dutch patient decision aids were discussed, a
care pathway for kidney failure, and various protocols with Good Practices for ESKD education
and KRT.

Thesis outline

The overall aim of this thesis is to gain further insights in (1) patient education and shared decision-
making, (2) traditional clinical outcomes of dialysis such as bleeding, hospitalization, technique
failure and PD peritonitis, and (3) an important patient reported outcome; HRQoL. This thesis
contains articles with the first results from DOMESTICO retrospective and the implementation
project.

Patients who progress to ESKD face a very intensive education process about the different
treatment options, which many find very stressful, confronting, and burdensome. Therefore, it
is important to provide proper education and make a final treatment decision based on SDM,
so that the medical knowledge of the healthcare professional is combined with the values and
preferences of the individual patient [4]. In addition, the traditional clinical outcomes of dialysis
also remain relevant, as they can have a major impact on the burden experienced by patients.
However, given the high burden and mortality of dialysis, it is also incredibly important to focus
on what really matters to patients, namely HRQoL.

Thefirst part of this thesis focuses on patient education and shared decision-making. In chapter 2
we describe the use of the 3, previously mentioned, Dutch patient decision aids (i.e. 3 Good
Questions, Option Grids, and Dutch Kidney Guide) by healthcare professionals and the degree
of shared decision-making as experienced by advanced chronic kidney disease patients. In
addition, we describe a workshop we developed with the Dutch Kidney Patients Association to
train healthcare professionals how to implement the patient decision aids.

Shared decision-making is addressed in various (inter)national guidelines which provide
recommendations regarding education and dialysis treatment [1, 2, 21, 46-48]. One would expect
that this would result in similar proportions of patients being treated with home dialysis in various
centers. However, there seems to be practice variation which could be explained by so-called
‘good practices’, practices that are developed locally and with which healthcare professionals
have good experience, but that are not evidence-based and therefore not added to (inter)national
guidelines [49, 50]. Chapter 3 describes a scoping review we performed to identify and summarize
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the available literature describing good practices for dialysis education, treatment, and electronic
health (eHealth).

As mentioned, PD can be performed by a patient autonomously or in the context of assisted
PD [21]. Assisted PD programs are available in most European countries, but the percentage of
patients receiving assisted PD varies considerably [51-55]. Chapter 4 describes the results of an
online survey among healthcare professionals of European nephrology units. This survey was
used to investigate the factors associated with the availability of an assisted PD program at a
center level and whether the availability of this program is associated with the proportion of
home dialysis patients.

The second part of this thesis focuses on the traditional clinical outcomes of dialysis. The specific
dialysis modality with which a patient is treated (i.e. HD or PD) may affect their morbidity. In
chapter 5 and 6 the risks of bleeding and hospitalization in patients on HD are compared with
patients on PD.

Chapters 7 and 8 focus on patients performing PD. Chapter 7 describes our study regarding
the modifiable causes and risk factors of technique failure (i.e. transfer to in-center HD for = 30
days or death) in PD, which is highly relevant to address in order to improve technique survival.
Peritonitis is one of those modifiable causes [56]. Chapter 8 describes the results of treating
Candida peritonitis, which normally requires catheter removal resulting in high technique failure
rates, with an amphotericin B catheter lock combined with oral flucytosine and intraperitoneal
fluconazole in order to preserve the catheter and improve technique failure.

The third part of this thesis focuses on HRQoL. For dialysis patients, quality of life is an important
outcome parameter [30, 57-61]. However, little is known about differences in quality of life between
home dialysis (i.e. PD and home HD) and in-center HD patients across the world. We conducted a
systematic review and meta-analysis describing randomized controlled trials and observational
studies that compared HRQoL in home dialysis patients versus in-center HD patients (chapter 9).
This systematic review and meta-analysis prompted the design of the Dutch nOcturnal and
hoME dialysis Study To Improve Clinical Outcomes (DOMESTICO). The rationale and design of
this nationwide, prospective, observational cohort study investigating the effect of home dialysis
therapies on HRQoL, clinical outcomes and costs, in comparison with in-center HD is described
in chapter 10.

Finally, the last part of this thesis summarizes and discusses the results described in the previous
chapters, emphasizing the relevance of this thesis (chapter 11).
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Abstract

Background Ideally, shared decision-making forms the basis of education on end-stage kidney
disease therapies. Patient decision aids, specifically developed for this, have implementation
barriers. We evaluated the use of 3 decision aids (3 Good Questions, Option Grids, Dutch Kidney
Guide) by healthcare professionals in relation to patient-experienced shared decision-making.
Also, we developed a workshop for professionals on decision aid implementation.

Methods Questionnaires regarding education/use of decision aids were distributed to healthcare
professionals. Patients with eGFR<30 ml/min/1.73m? completed SDM-Q-9/collaboRATE
questionnaires. Shared decision-making differences between hospitals were analyzed with one-
way ANOVA and logistic regression.

Results In 12 Dutch hospitals, 7 educational conversations were conducted per patient, but
only 25-67% used one of the decision aids. Of 117 healthcare professionals, 56% applied shared
decision-making by using 3 Good Questions (28%), Option Grids (31-33%) and Kidney Guide (51%).
Of 182 patients, 61-85% were satisfied with their education. Of worst scoring hospitals, only 50%
used Option Grids/Kidney Guide, compared to 100% of best scoring hospitals which also had a
lower number of conversations (p=0.05), but provided information about all treatment options
and more often provided information at home. After the workshop, patients’ shared decision-
making scores did not change.

Conclusions Patients and healthcare professionals are reasonably satisfied with shared decision-
making although the use of decision aids is limited. Hospitals that use decision aids had higher
shared decision-making scores and required fewer conversations. Future research should identify
barriers in order to implement decision aids in daily practice to achieve a shared decision.
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Introduction

The global incidence of end-stage kidney disease (ESKD) is rapidly increasing [1-4]. While ESKD
poses asignificant global burden, it also has a tremendous impact on the daily life of the individual
patient. Patients not only have to deal with complications of ESKD, but also face an intensive
education process regarding the different treatment options, i.e. conservative care and kidney
replacement therapies (KRT). To choose a specific treatment, a healthcare professional’s medical
knowledge must be combined with anindividual patient’s values and preferences [5]. This process
of shared decision-making aims not only to ensure that a decision is medically sound, but also
that the patient is satisfied, both in terms of the process and the final decision.

The model for sharing in medical decision-making was first described in 1972 [6], but it was
not until 1997 that an article was published which provided more clarity regarding the actual
shared decision-making (SDM) model and its key characteristics: (1) two participants: physician
and patient; (2) both participate in the process; (3) both share information; (4) both agree to the
decision [7]. Since then, numerous articles regarding SDM for patients with kidney disease have
been published [8-15] and the use of SDM is incorporated in national and international renal
guidelines [5, 16-18].

Although many guidelines advocate the use of SDM in the care for patients with kidney disease,
studies have shown that a large proportion of patients with ESKD do not experience the decision
as a shared one [14, 19-21]. To improve this situation, patient decision aids (PDAs) have been
developed. PDAs are tools, developed in various forms such as written materials or web-based
formats, that provide support during the SDM process and serve to supplement the information
provided by healthcare professionals [22, 23]. In 2017, three PDAs became available in the
Netherlands, namely the 3 Good Questions, 2 Option Grids and the Dutch Kidney Guide. The
3 Good Questions are: (1) What are my options? (2) What are the possible benefits and risks of
those options? (3) What does that mean in my situation? They were developed in Australia in 2011,
translated into Dutch and tested in 2015 [24, 25]. These 3 Good Questions can improve shared
decision-making between the patient and the healthcare professional, and improve quality and
safety of the education process [24]. Option Grids form the second PDA which are based on those
developed by The Option Grid Collaborative [26, 27]. Option Grids are tables that describe the
answers to frequently asked patient questions regarding certain treatment options. Two Dutch
Option Grids are available: (1) Permanent damage to your kidneys: kidney replacement therapy or
conservative treatment, (2) Permanent damage to your kidneys: options for kidney replacement
therapy [28]. Finally, the Dutch Kidney Guide is a website that contains film clips of more than 40
patients who are treated with 9 different treatment modalities, from conservative care to various
forms of hemodialysis, peritoneal dialysis, and kidney transplantation. In these film clips, patients
explain the impact of these treatments on 19 domains of their daily lives. For example, patients tell
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about the consequences of their treatment on eating/drinking, going on vacation, self-sufficiency
regarding treatment, pets at home, sleep quality, work and school, etcetera [29].

Despite the fact that much attention has been paid to the development of PDAs, studies have also
shown that there are barriers to the implementation of PDAs in daily practice [30]. For the Dutch
PDAs, it is unknown whether they are sufficiently implemented in daily practice. Therefore, we
evaluated the use of these PDAs by healthcare professionals and the degree of SDM as experienced
by patients with advanced chronic kidney disease (CKD). Subsequently, we developed a workshop
to train healthcare professionals how to implement these PDAs.

Methods

Study design

A survey was conducted in which questionnaires were distributed to healthcare professionals
and patients with advanced CKD in 12 Dutch hospitals who participated in the Dutch nOcturnal
and hoME dialysis Study To Improve Clinical Outcomes (DOMESTICO), a multi-center cohort study
among patients treated with dialysis in the Netherlands [31]. In addition, a SDM workshop was
provided to the healthcare professionals with the aim of promoting the implementation of the
Dutch PDAs.

Healthcare professionals’ questionnaire

During the period April 2018 to September 2018, a questionnaire was distributed to all healthcare
professionals (i.e. nephrologists (in training), nurses, social workers, dieticians) involved in the
education process about ESKD treatment options in 12 Dutch hospitals (Supplementalfigure 1). In
the Netherlands, education is usually given to patients with CKD when the estimated glomerular
filtration rate (eGFR) falls below 20 ml/min/1.73m?. Education is provided by a team of healthcare
professionals consisting of nephrologists (in training), nurses, social workers and dietitians, and in
some hospitals physician assistants or nurse practitioners are also involved [32]. The education
process includes several conversations with these healthcare professionals about the treatment
options available for ESKD.

The healthcare professionals’ questionnaire consisted of 6 general questions about the provided
education in their center regarding ESKD treatment options, 4 questions about whether
respondents were familiar with the 3 Dutch PDAs (i.e. 3 Good Questions, Option Grids, and
Dutch Kidney Guide) and used them, 2 questions about what should be added or removed in
the education process, and 4 questions focusing on SDM (Supplemental table 1). Participation
was voluntary and anonymous.
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Patients’ questionnaire

To assess the degree of SDM experienced by patients, a questionnaire was distributed to all
patients who had completed the education process regarding ESKD treatment optionsin 12 Dutch
hospitals. The questionnaire consisted of the nine-item Shared Decision-Making Questionnaire
(SDM-Q-9) and the collaboRATE, to which we added 7 general questions about the provided
education regarding ESKD treatment options and 2 questions about perceived barriers against
home hemodialysis and peritoneal dialysis (Supplemental table 2). The SDM-Q-9 contains 9
statements regarding SDM which are rated on a 6-point Likert scale (from 0 ‘completely disagree’
to 5 ‘completely agree’) [33, 34], while the collaboRATE contains 3 questions regarding SDM which
arerated on a 10-point Likert scale (from 0 ‘no effort was made’ to 9 ‘every effort was made’) [35].
Participation was again voluntary and anonymous.

The patients’ questionnaires were distributed during two different periods; from April to
November 2018 and from December 2018 to April 2020 (Supplemental figure 1). This was done to
assess whether there was a difference in the degree of SDM experienced by patients in the period
before an SDM workshop was given in a hospital compared to the period after the workshop was
conducted.

SDM workshop

In collaboration with the Dutch Kidney Patients Association, we developed a 2-hour SDM
workshop. During the period October 2018 to March 2019, the workshop was given in 10 of the
12 participating Dutch hospitals (Supplemental figure 1). The goal of the workshop was to provide
healthcare professionals with information regarding SDM and the 3 Dutch PDAs and to encourage
them to start applying them in daily practice.

First, the results from the healthcare professionals’ questionnaire and research on SDM was
presented. Second, information was provided on Glyn Elwyn’s SDM model in which the patient
is guided to make a treatment choice according to 3 consecutive conversation types: choice talk,
option talk, and decision talk [36]. Third, the background and content of the 3 Dutch PDAs (i.e. the
3 Good Questions, Option Grids, and Dutch Kidney Guide) were discussed and their application
was also practiced. Finally, it was discussed how the PDAs could be integrated into the education
process about ESKD treatment options that already existed in that specific hospital.

Statistical analysis

Descriptive statistics were used to evaluate all questions of the healthcare professionals’
questionnaire and the general questions of the patients’ questionnaire. From the patient
questionnaire, the Likert scales of the SDM-Q-9 and collaboRATE were both converted into a score
from 0 to 100, with a higher score indicating better SDM [34]. A one-way ANOVA was performed
to evaluate the difference in both scores between participating hospitals. Subsequently, logistic
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regression was used to explore differences between the best scoring hospitals and the worst
scoring hospitals. Finally, descriptive statistics were again used to explore the relation between
the use of the PDAs and the degree of SDM.

All statistical analyses were performed with SPSS Statistics version 26 (SPPS, Chicago, lllinois,
USA).

Results

Education process in participating hospitals

Atotal of 12 hospitals across the Netherlands participated, of which 2 were academic hospitals
and the remaining non-academic teaching hospitals. Twenty-five percent of the hospitals
initiated the education process regarding ESKD treatment options for patients with advanced
CKD atan eGFR between 25 and 30 ml/min/1.73m?, 33% between 20 and 25 ml/min/1.73m?, and
42% between 15 and 20 ml/min/1.73m? Sixty-seven percent of the hospitals had a set format
for the education process, which included a home visit in 75% of the hospitals. A median of 7
[interquartile range 6 - 9] conversations were conducted with the patient during the education
process. Only 25% of the hospitals reported using the 3 Good Questions during the education
process, this was 42% and 67% for the Option Grids and Dutch Kidney Guide, respectively.

Use of Patient Decision Aids by healthcare professionals

A total of 117 healthcare professionals (27% physicians, 8% physician assistants, 38% nurses,
14% social workers, 13% other) completed the questionnaire: 81% found the general impression
of their own education process (very) good, 80% found the total number of consults good, and
56% found the amount of information they provided good, while 28% found it too much. SDM
was applied according to 56% of professionals, however only 28% reported to use the 3 Good
Questions, 31-33% the Option Grids, and 51% the Kidney Guide.

Patients perspectives on Shared Decision-Making during the first period

Between April and November 2018, 182 patients from the 12 hospitals completed the
questionnaires: 71% found the education overall (very) good and 61% found the educational
materials (very) good. Regarding the amount of information, 85% found the received amount of
information and 82% the total number of conversations about right (Figure 1a).

Figure 2a and b show the SDM-Q-9 and collaboRATE scores of the participating hospitals. The
mean SDM-Q-9 score was 75+22 and the mean collaboRATE score 86+14. The hospital that scored
the worst on both questionnaires had a mean SDM-Q-9 score of 66 and a collaboRATE score of 77.
The best scores on the questionnaires were encountered in two different hospitals: the highest
mean SDM-Q-9 score was 87 and the highest collaboRATE score was 90.
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Overall, no significant difference was found between hospitals in either score (SDM-Q-9 p=0.70;
collaboRATE p=0.58). However, when the hospital that scored best on the SDM-Q-9 was compared
with the otherindividual hospitals, a significant difference was found with the hospital that scored
worst on the SDM-Q-9 (p=0.03).

Relation between use of Patient Decision Aids and degree of Shared Decision-Making

When hospitals with the worst SDM-Q-9 score (<70) were compared to those with the best score
(>77), only 50% of the worst scoring hospitals used the Option Grids and Kidney Guide, compared
to 100% of the best scoring hospitals. The majority of the worst scoring hospitals started education
for patients with advanced CKD at an eGFR between 20-30 ml/min/1.73 m?, while the best scoring
hospitals all started between 15-20 ml/min/1.73 m?. The mean number of individual conversations
between healthcare professionals and the patient was higher in the worst scoring hospitals thanin
the best scoring hospitals (841 vs. 7+1, p=0.054). Although the number of conversations was lower,
best scoring hospitals provided information about all treatment options, including nocturnal
hemodialysis and conservative care, and more often provided information during a home visit.

Shared Decision-Making workshop

During the period October 2018 to March 2019, 10 hospitals participated in the SDM workshop.
A total of 114 healthcare professionals joined the workshop: 29 nephrologists (in training), 5
physician assistants/nurse practitioners, 40 nurses, 14 social workers, 13 dietitians, and 13 other
professionals (e.g. research nurses). At 9 of the 10 workshops also a patient with CKD was present,
highlighting the patient perspective regarding the education process about ESKD treatment
options. The presence of a patient who could explain the patient perspective was considered
a great additional value to the workshop by the healthcare professionals. The workshop was
appreciated with a 7.5+0.4 on a range from 0 (worst) to 10 (perfect).

Patients perspectives on Shared Decision-Making during the second period

Between December 2018 and April 2020, 117 patients in 8 hospitals completed the questionnaires:
82% found the education overall (very) good and 56% found the educational materials (very)
good. Regarding the amount of information, 82% found the received amount of information and
91% the total number of conversations about right (Figure 1b).

The mean SDM-Q-9 score was 73424 and the mean collaboRATE score 89+13. The worst scores
on the questionnaires were encountered in two different hospitals: the lowest mean SDM-Q-9
score was 55+20 and the lowest collaboRATE score was 86+13. The hospital that scored the best
on both questionnaires had a mean SDM-Q-9 score of 77+19 and a collaboRATE score of 94+8.
Figure 3a shows all SDM-Q-9 scores of the hospitals and figure 3b shows all collaboRATE scores.
Compared to the results of the first period (figures 2a and 2b), there is no difference in SDM-Q-9
and collaboRATE scores.
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Figure 2a. SDM-Q-9 score of participating hospitals during first period
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The red line indicates the mean SDM-Q-9 score of 75.

Figure 2b. CollaboRATE score of participating hospitals during first period
collaboRATE
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The red line indicates the mean collaboRATE score of 86.
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Figure 3a. SDM-Q-9 score of participating hospitals during second period
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The red line indicates the mean SDM-Q-9 score of 73.
During the second period only 8 of the 12 hospitals participated.

Figure 3b. CollaboRATE score of participating hospitals during second period
collaboRATE
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The red line indicates the mean collaboRATE score of 89.
During the second period only 8 of the 12 hospitals participated.
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Overall, no significant difference was found between hospitals in either score (SDM-Q-9 p=0.86;
collaboRATE p=0.81), not even if we compared the hospital with the best or the worst score to
the other hospitals.

Discussion

Oursurvey shows thatin the Netherlands the education process regarding ESKD treatment mostly
starts at an eGFR between 15 and 20 ml/min/1.73m? with a median of 7 conversations between
the patient and healthcare professionals. Patients with CKD and healthcare professionals are
reasonably satisfied with the education process regarding ESKD treatment options and the degree
of SDM in the Netherlands. However, healthcare professionals use the Dutch PDAs (i.e. the 3 Good
Questions, Option Grids, and the Dutch Kidney Guide), tools specifically designed to support
SDM, only to a limited extent. Compared to hospitals with the worst SDM-Q-9 score, the number
of conversations in hospitals with the best SDM-Q-9 score is lower but all treatment options are
discussed, often during a home visit. After aworkshop introducing SDM and the PDAs, the extent
to which patients with CKD experienced SDM during the education process remained the same.

To make a decision regarding a treatment option for ESKD is a very complicated process for
patients with CKD: several factors play a role in making the decision, such as previous personal
experience, burden of treatment, family, and culture and religion [37]. In addition, gut instinct
and emotions also play an essential role in making a decision [37]. For healthcare professionals,
it is difficult to explain and foresee the disease course in a given patient, which is critical for
patients who must make a decision, as CKD is often asymptomatic and the disease course can be
unpredictable [38]. Thisis why itis so important to apply SDM, which combines the professional’s
medical knowledge with the patient’s personal preferences to make this important decision
together.

Healthcare professionals often think they already practice SDM, as our survey also shows, but
patients rarely feel that the decision about a treatment option for ESKD has really been made
together [14, 19-21]. Amajor barrier to SDM that seems to play a role is implicit persuasion [39]. A
recent study by van Dulmen et al. showed that nephrologists applied implicit persuasion during
the ESKD treatment decision talk, for example by selectively presenting treatment options or
naming pros and cons of treatment options unequally [39]. An older study also showed that
nephrologists apply implicit persuasion, for example by informing younger patients less frequently
about the option of conservative care [8]. This practice hinders a patient with CKD from making
an informed choice together with their healthcare professional.

Important tools that can promote the process of SDM is adopted are PDAs. PDAs are “interventions
that support patients by making their decisions explicit, providing information about options
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and associated benefits/harms, and helping clarify congruence between decisions and personal
values” [22]. PDAs exist to support the SDM process and serve to supplement the information
provided by healthcare professionals [22, 23]. In 2017, a review of Davis et al. described 10 new
PDAs for decisions regarding KRT and 3 new PDAs for decisions regarding conservative care
developed in Australia, Canada, the United States, and the United Kingdom [23]. One of the 13
PDAs bears some resemblance to the Dutch PDAs the Option Grids. This is a website, hosted
by Healthwise in the United States, called ‘Kidney Failure: What Type of Dialysis Should | Have?’
[Kidney Failure: What Type of Dialysis Should | Have? (healthwise.net)]. It contains six sections:
providing facts about kidney disease and the decision to be made; comparing options; asking
patients about their feelings regarding dialysis options; asking patients for a decision; a ‘quiz’; and
providing a summary of the preceding. The similarities to the Option Grids are the design with
information relevant to patients and the comparison of different dialysis treatments. The main
differences with the Option Grids is that the website does not focus on kidney transplantation
or conservative care and is only an online PDA, making it less suitable for patients with lower
eHealth literacy.

Multiple studies have demonstrated the beneficial effects of PDAs, for example, in terms of
patient knowledge of risks and benefits [22, 23]. However, the implementation of PDAs depends
on aspects such as the notion of healthcare professionals that they can improve their SDM skills,
the willingness to use the PDAs and effective systems in which they are used [22]. Scalia et al.
reported in their systematic review that healthcare professionals indicate time constraints, lack
of training in the use of PDAs, and disagreement about the content and format of PDAs, as the
most important barriers to the integration of PDAs [30].

Despite the fact that barriers to the integration of PDAs are well known, there is a lack of studies
on the actual use of PDAs within the education process regarding ESKD treatment options. Our
study showed that one year after the publication of the 3 Dutch PDAs, only 28% of the healthcare
professionals surveyed used the 3 Good Questions, 31-33% used the Option Grids, and only 51%
used the Kidney Guide. Although we did not investigate the reason for the limited use of the PDAs,
discussions with the hospitals we contacted revealed that the previously mentioned barriers
will certainly play a role in this. Future research should therefore focus on finding solutions to
overcome these barriers, as PDAs are valuable tools for the SDM process [22, 23].

To our knowledge, this is the first survey providing detailed insight in the use of 3 PDAs by
healthcare professionals and the degree of SDM as experienced by patients with CKD. In addition, a
large number of healthcare professionals from multiple centers participated in our SODM workshop.
Oursurvey has some limitations. First, the SDM-Q-9 and collaboRATE, used by patients to examine
the perceived level of SDM, were not developed specifically for patients with CKD. However, both
the SDM-Q-9 and collaboRATE have been tested in patients with chronic diseases making them
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very likely to be useful in patients with CKD as well [33-35]. Second, the way patients completed
the questionnaire may have been influenced by recall and response bias and the patients who
completed the questionnaire during the two periods were different, since patients of the first
period had already chosen an ESKD treatment option and were not going through the education
process again. However, this does reflect daily practice. Third, the SDM scores were already quite
high in the first period which may have led to a ceiling effect. However, our survey provides an
important insight into the current education process regarding ESKD treatment options and
opportunities forimprovement of the education process.

In conclusion, although patients with advanced CKD and healthcare professionals are reasonably
satisfied with the extent of SDM during the education process regarding ESKD treatment options,
the use of specifically developed PDAs is limited. Hospitals that did use PDAs had higher SDM
scores and required fewer conversations during the education process. After a workshop
introducing SDM and the PDAs, the extent to which patients with CKD experienced SDM during
the education process remained the same. Future research should identify the barriers to the
use of PDAs in order to implement them in daily practice to achieve an optimal shared decision.
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Supplemental material

Supplemental table 1. Healthcare professional questionnaire

Questions

Answer options

What is your profession?
What is your overall impression of ESKD education?

What do you think about the organization of ESKD

education?

What do you think about the total number

of conversations a patient has during ESKD

education?

What do you think about the quality of information

given during the conversations?

What do you think about the amount of

information given during the conversations?

What do you think of the educational materials

used?

To what extent are you familiar with the decision

aids listed below?

+ Option Grid ‘Permanent damage to your
kidneys: renal replacement therapy or
conservative treatment’

+ Option Grid ‘Permanent damage to your
kidneys: options for renal replacement therapy’

+ Dutch Kidney Guide

« 3 Good Questions

What should be added to ESKD education?

What should be removed from ESKD education?

Do you think patients are completely informed

based on current ESKD education?

Do you think patients are objectively informed

based on current ESKD education?

Do you think patients can make a good decision

based on current ESKD education?

Do you think patients make their decision together
with their physician (shared decision-making)?

Physician - physician assistant/nurse practitioner
- dialysis nurse - dietitian - social worker

5-point Likert scale ranging from ‘bad’ to ‘very
good’

5-point Likert scale ranging from ‘bad’ to ‘very
good’

5-point Likert scale ranging from ‘far too little’ to
‘far too much’

5-point Likert scale ranging from ‘bad’ to ‘very
good’

5-point Likert scale ranging from “far too little’ to
‘far too much’

5-point Likert scale ranging from ‘bad’ to ‘very
good’

never heard of - heard of, never used - heard of,
used - no opinion

Open question

Open question

5-point Likert scale ranging from ‘completely
disagree’ to ‘completely agree’

5-point Likert scale ranging from ‘completely
disagree’ to ‘completely agree’

5-point Likert scale ranging from ‘completely
disagree’ to ‘completely agree’

5-point Likert scale ranging from ‘completely
disagree’ to ‘completely agree’
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Supplemental table 2. Patient questionnaire

My doctor made clear that a decision needs to be
made

My doctor wanted to know exactly how | want to be
involved in making the decision

My doctor told me that there are different options
for treating my medical condition

My doctor precisely explained the advantages and
disadvantages of the treatment options

My doctor helped me understand all the
information

My doctor asked me which treatment option |
prefer

My doctor and | thoroughly weighed the different
treatment options

My doctor and I selected a treatment option
together

My doctor and I reached an agreement on how to
proceed

6-point Likert scale ranging from ‘completely
disagree’ to ‘completely agree’
6-point Likert scale ranging from ‘completely
disagree’ to ‘completely agree’
6-point Likert scale ranging from ‘completely
disagree’ to ‘completely agree’
6-point Likert scale ranging from ‘completely
disagree’ to ‘completely agree’
6-point Likert scale ranging from ‘completely
disagree’ to ‘completely agree’
6-point Likert scale ranging from ‘completely
disagree’ to ‘completely agree’
6-point Likert scale ranging from ‘completely
disagree’ to ‘completely agree’
6-point Likert scale ranging from ‘completely
disagree’ to ‘completely agree’
6-point Likert scale ranging from ‘completely
disagree’ to ‘completely agree’

How much effort was made to help you understand 10-point Likert scale ranging from ‘No effort was

your health issues?

How much effort was made to listen to the things
that matter most to you about your health issues?
How much effort was made to include what
matters most to you in choosing what to do next?

What treatment options have you had
conversations about?

What is your overall impression of the
conversations?

What do you think about the amount of
information given during the conversations?
Was the information given during the
conversations clear?

What do you think of the educational materials
used?

What do you think of the total number of
conversations?

What treatment did you choose?

made’ to ‘Every effort was made’
10-point Likert scale ranging from ‘No effort was
made’ to ‘Every effort was made’
10-point Likert scale ranging from ‘No effort was
made’ to ‘Every effort was made’

Conservative care - Kidney transplantation -
Peritoneal dialysis - Home hemodialysis - In-
center hemodialysis (multiple answers possible)
5-point Likert scale ranging from ‘bad’ to ‘very
good’

5-point Likert scale ranging from ‘far too little’ to
‘far too much’

Yes - No - Other (with explanation)

5-point Likert scale ranging from ‘bad’ to ‘very
good’

5-point Likert scale ranging from ‘far too little’ to
‘far too much’

Conservative care - Kidney transplantation -
Peritoneal dialysis - Home hemodialysis - In-
center hemodialysis (one answer)
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Supplemental table 2. Patient questionnaire (continued)

Questionregarding perceivedbarriers
What did you find to be barriers/obstacles to home Lack of space - costs - fear — unfamiliarity - burden
hemodialysis? for myself - burden for my family - ‘hospital at
home’ - I had no choice - | received no information
- other (with explanation) (multiple answers

possible)
What did you find to be barriers/obstacles to Lack of space - costs - fear — unfamiliarity - burden
peritoneal dialysis? for myself - burden for my family - ‘hospital at

home’ - abdominal catheter - Infections - | had
no choice - I received no information - other (with
explanation) (multiple answers possible)

Supplemental figure 1. Timeline

foreep -

Healthcare professionals questionnaire

alent questonate _

Apr-18

Jul-18
Oct-18
Jan-19
Apr-19
Jul-19
Oct-19
Jan-20
Apr-20
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Abstract

Background Recommendations regarding dialysis education and treatment are provided
in various (inter)national guidelines, which should ensure that these are applied uniformly in
nephrology and dialysis centers. However, there is much practice variation which could be
explained by good practices: practices developed by local health care professionals, which are
not evidence-based. Because an overview of good practices is lacking, we performed a scoping
review to identify and summarize the available good practices for dialysis education, treatment,
and eHealth.

Methods EMBASE, Pubmed, the Cochrane Library, CINAHL databases and Web of Science were
searched for relevant articles using all synonyms for the words ‘kidney failure’, ‘dialysis’, and ‘good
practice’. Relevant articles were structured according to the categories dialysis education, dialysis
treatment or eHealth, and assessed for content and results.

Results Nineteen articles (12 for dialysis education, 3 for dialysis treatment, 4 for eHealth) are
identified. The good practices for education endorse the importance of providing complete
and objective predialysis education, assisting peritoneal dialysis (PD) patients in adequately
performing PD, educating hemodialysis (HD) patients on self-management, and talking with
dialysis patients about their prognosis. The good practices for dialysis treatment focus mainly
on dialysis access devices and general quality improvement of dialysis care. Finally, eHealth is
useful for HD and PD and affects both quality of care and health-related quality of life.

Conclusion Our scoping review identifies 19 articles describing good practices and their results
for dialysis education, dialysis treatment, and eHealth. These good practices could be valuable
in addition to guidelines for increasing shared decision-making in predialysis education, using
patients’ contribution in the implementation of their dialysis treatment, and advanced care
planning.
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Introduction

According to the latest estimates, more than 320 million patients are treated with dialysis
worldwide [1]. In most developed countries, patients start dialysis after having received
education on different treatment options (i.e. dialysis, transplantation, and conservative care)
[2-4]. Recommendations regarding education and dialysis treatment are given in various
(inter)national guidelines [5-10]. These, preferably evidence-based, recommendations assist
health care professionals in the guidance and treatment of chronic kidney disease (CKD) patients
in order to provide the best possible care.

Guidelines should ensure that complete and objective education is provided to CKD patients
about all treatment options [5]. In addition, guidelines should assure that practical execution of
a specific dialysis treatment (i.e. hemodialysis (HD) or peritoneal dialysis (PD)) is more or less the
samein all centers. However, this does not always seem to be the case. In 2010, it was shown that
variation in center-specific factors (e.g. number of patients, in-center HD treatment capacity, and
availability of a late dialysis shift) in the United States influenced the utilization of home dialysis
(i.e. home HD and PD) [11]. This also appears to be true for many other countries when looking
at the variation in PD utilization [12]. In addition, practice variation within a country seems to
associate with a broad range in the percentage of dialysis patients treated with home dialysis
[13]. Probably part of this variation can be explained by so-called ‘good practices” which are
developed locally.

The term ‘good practice’, also referred to as ‘best practice’, denotes *...a practice that has been
proven to work well and produce good results, and is therefore recommended as a model.’ [14, 15].
Good practices are practices that are developed locally and with which health care professionals
have good experience, but are not evidence-based and therefore not added to (inter)national
guidelines [14, 15]. As a result, these practices are not distributed and applied nationally, such
as the recommendations from (inter)national guidelines. Although not evidence-based, good
practices can have additional advantages and are therefore worthwhile exploring. Moreover,
local good practices for dialysis education and treatment could potentially explain the previously
mentioned practice variation.

An overview regarding these good practices is lacking in current published literature. Thus, we

performed a scoping review to identify and summarize the available literature describing good
practices for dialysis education, treatment, and electronic health (eHealth).
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Methods

Search strategy and selection criteria

EMBASE, Pubmed, the Cochrane Library, CINAHL databases and Web of Science were searched
for relevant articles using all synonyms for the words ‘kidney failure’, ‘dialysis’, and ‘good practice’
(Table 1).

Table 1. Search strings

Database  Search

EMBASE hemodialys*: ab,ti OR haemodialys*:ab,ti OR ‘hemo-dialys*:ab,ti OR ‘haemo-dialys*:ab,ti
OR ‘renal dialys*”:ab,ti OR ‘dialysis near/3 modalit*:ab,ti OR ‘artificial kidney’ab,ti OR
‘peritoneal dialys*:ab,ti OR ‘peritoneum near/3 dialys*":ab,ti OR ‘end stage renal*":ab,ti OR
‘kidney disease’ab,ti OR ‘kidney failure’:ab,ti OR ‘peritoneal dialysis’/exp OR ‘hemodialysis’/
exp OR ‘kidney disease’/exp
AND
‘good practice*:ab,ti OR ‘best practice*:ab;ti

Pubmed (hemodialys*[Title/Abstract] OR haemodialys*[Title/Abstract] OR hemo-dialys*[Title/
Abstract] OR haemo-dialys*[Title/Abstract] OR “renal dialys*”[Title/Abstract] OR
“dialys modalit*”[Title/Abstract] OR “artificial kidney*”[Title/Abstract] OR “peritoneal
dialys*”[Title/Abstract] OR “peritoneum dialys*”[Title/Abstract] OR “End-Stage
Kidney*”[Title/Abstract] OR “End Stage Kidney*”[Title/Abstract] OR “End-Stage
Renal*’[Title/Abstract] OR “End Stage Renal*”[Title/Abstract] OR “Kidney failure”[Title/
Abstract] OR “Renal Failure”[Title/Abstract] OR ESRD[Title/Abstract]) OR (renal
dialysis[MeSH Terms] OR artificial kidneys[MeSH Terms] OR chronic kidney failure[MeSH
Terms] OR dialysis, peritoneal[MeSH Terms] OR hemodialysis, home[MeSH Terms] OR
kidney failure[MeSH Terms])
AND
((“Good practice*”[Title/Abstract] OR “Best practice*”[Title/Abstract]) OR best
practices[MeSH Terms])

Cochrane ((hemodialys* OR haemodialys* OR hemo-dialys* OR haemo-dialys* OR ‘renal dialys* OR
‘dialys modalit™ OR ‘artificial kidney*” OR ‘peritoneal dialys*’ OR ‘peritoneum dialys*” OR
‘end-stage renal™ OR ‘end stage renal™ OR ‘chronic kidney failure’ OR ‘end-stage kidney™
OR ‘end stage kidney* OR ESRD OR ‘renal failure’):ti,ab,kw) OR (MeSH descriptor: [Renal
Dialysis] Explode all trees) OR (MeSH descriptor: [Kidneys, Artificial] Explode all trees) OR
(MeSH descriptor: [Renal Insufficiency, Chronic] Explode all trees)
AND
((“good practice™ OR ‘best practice™):ti,ab,kw) OR (MeSH descriptor: [Practice Guidelines
as Topic] Explode all trees)
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Table 1. Search strings (continued)

Database Search

CINAHL (TI“hemodialys™”) OR (TI “haemodialys*”) OR (Tl “hemo-dialys*”) OR (Tl “haemo-
dialys*”) OR (Tl “renal dialys*”) OR (Tl “dialys modalit*”) OR
Tl “artificial kidney*”) OR (TI “peritoneal dialys*”) OR
Tl “peritoneum dialys*”) OR (Tl “End-Stage Kidney*”) OR
| “End Stage Kidney*”) OR (Tl “End-Stage Renal*”) OR
“End Stage Renal*”) OR (TI “Kidney Failure”) OR (Tl “Renal Failure”) OR
| “ESRD”) OR (AB “hemodialys*”) OR (AB “haemodialys*”) OR (AB “hemo-dialys*”) OR (AB
haemo-dialys*”) OR (AB “renal dialys*”) OR
(AB “dialys modalit*”) OR (AB “artificial kidney*”) OR
(AB “peritoneal dialys*”) OR (AB “peritoneum dialys*”) OR (AB “End-Stage Kidney*”) OR (AB
“End Stage Kidney*”) OR (AB “End-Stage Renal*”) OR (AB “End Stage Renal*”) OR (AB
“Kidney Failure”) OR (AB “Renal Failure”) OR (AB “ESRD”) OR (MH “Renal Replacement
Therapy+”) OR (MH “Dialysis+”) OR (MH “Renal Insufficiency+”) OR (MH “Kidney, Artificial”)
AND
(AB “good practice™”) OR (AB “best practice*”) OR (Tl “good practice*”) OR
(Tl “best practice™”) OR (MH “Professional Practice, Theory-Based+") OR
(MH “Professional Practice, Research-Based+”) OR (MH “Practice Guidelines”)
Web of TS=(hemodialys* OR haemodialys* OR hemo-dialys* OR haemo-dialys* OR “renal dialys*”
Science OR “dialys modalit*”
OR “artificial kidney*” OR “peritoneal dialys*” OR “peritoneum dialys*” OR “End-
Stage Kidney*” OR “End Stage Kidney*” OR “End-Stage Renal*” OR “End St-
age Renal®” OR “Kidney Failure” OR “Renal Failure”
ORESRD)
AND
TS=(“good practice™ OR “best practice™”)

3

«

After removal of duplicates, two authors (AES and SV) independently screened titles and abstracts.
Articles were eligible for inclusion if they provided a thorough description of the content of a good
practice regarding dialysis education, treatment or eHealth for adult patients. Articles of all study
types were included, however articles that described a guideline, review or meta-analysis were
subsequently excluded after being screened for additional references.

Articles were excluded if they referred to a practice already covered in (inter)national guidelines,
orif they reported on implementation projects, diabetes mellitus care or exercise programs for
dialysis patients. In addition, articles were excluded if no full text or only a published abstract
was available or if they were written in a language other than English.

The remaining articles were read full text by two authors (AES and SV) and screened for additional
references. Final inclusion was based on consensus between the two authors (AES and SV) based
on the previously mentioned in- and exclusion-criteria. In case of disagreement, the opinion of
a third author (ACA) was decisive.

47



Chapter3

Data extraction

Data extraction was executed and checked by two authors (AES and SV). The included studies
were structured according to the category to which the good practice was related. The following
categories were used: dialysis education, dialysis treatment, and eHealth. After classifying the
articles in the aforementioned categories, the following data were extracted: study design,
number of participants investigated, good practice description, results, and study conclusion.

Results

Study selection

The initial literature search was performed on May 2, 2019, and last updated on January 12,2021.
Figure 1 provides an overview of the search.

Figure 1. Selection flow diagram

Records identified through
S database searching
= (n = 6850)
o
= l | | | |
=
o Embase Pubmed Cochrane CINAHL Web of Science
= (n=1300) | (n=3233) | (n=326) L) (n=1675 4 (n=316)
1
Records after duplicates removed
(n=5213)
0o I
E Titioseraan Records excluded*
E— =
] (n = 5213) =)
%)
) 1 Records excluded (n = 74)
Abstract screen No Good Practice description =2
- > | Good Practice not regarding dialysis
(n=104) education or dialysis treatment =28
I Languages other than English =6
" No access to full text =12
Full-text articles Only a published abstract =8
~ assessed for eligibility Review/meta-analysis/protocol =16
= (n _ 30) More recent article available =2
= -
0 T Full-text articles excluded
= . X (n=17)
S Studies included in No Good Practice description =6
qualitative synthesis Content Good Practice not
(n=13) Described =4
- Good Practice not regarding dialysis
education or dialysis treatment =1
= |_Cross-reference n = 6 IH Guideline =2
(V) Review =4
T PO
S Studies included
2 (n=19)

* Exclusion criteria for title screen: No good practice regarding dialysis modality education/treatment or
eHealth, implementation project, diabetes mellitus care or exercise program for dialysis patients, guideline,
meta-analysis, protocol, review, and language other than English.
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After removal of duplicates, the search provided 5,213 articles. Subsequently 5,109 articles were
excluded based on the title and another 74 were excluded based on the abstract. The full-text
of the remaining 30 articles was assessed for eligibility. In total, 17 articles were excluded for
the following reasons: no good practice described [5, 16-20], content of the good practice not
described [21-24], good practice not regarding dialysis education or dialysis treatment [25], articles
describing a guideline [26, 27] or review [23, 28-30]. The remaining 13 articles were screened
for additional references, resulting in 6 cross-references (Figure 1) [31-36]. No additional cross-
references were found in the articles describing guidelines, reviews or meta-analyzes. So, in total
19 articles were included [31-49].

Study characteristics

Characteristics of the 19 included articles are presented in Tables 2-4. Twelve articles described
good practices for dialysis education (Table 2), three for dialysis treatment (Table 3), and four for
eHealth (Table 4). All articles were published during the past 20 years and 47% of them came from
the United States of America (USA). Most studies (58%) had a qualitative design, while the others
were cohort studies (21%), case-control studies (11%), and randomized controlled trials (11%).

Dialysis education

Four of the twelve articles that described good practices for dialysis education, focused on
providing objective predialysis education for CKD patients (Table 2) [31, 32, 40, 45]. Fortnum et
al. [40] presented the ‘My Kidneys, My Choice’ decision aid, a patient-centered tool to support
the education of CKD patients and promote shared decision-making. Health care professionals
found the decision aid to be helpful for understanding treatment options and patients’ priorities,
and for supporting decision making.

Lacson Jr. et al. [31] initiated a standardized predialysis treatment options education program
that consisted of education provided during a single group class session, followed by contacts
after 30,90, and 180 days during which treatment options were repeatedly discussed. Compared
to controls, patients who followed the standardized education program were significantly more
likely to choose PD (odds ratio (OR) 5.13) or to start in-center HD with a fistula or graft (OR 2.06),
and had a lower mortality (OR 0.61) during the first 90 days of dialysis treatment [31].

Manns et al. [32] developed a two-phase patient-centered educational intervention, showing
manuals and a video for self-care dialysis (i.e. PD, home HD, and self-care HD) in phase 1 and
conducting a small group session in phase 2. The intervention significantly increased the
proportion of patients who intended to initiate self-care dialysis (intervention group 82.1% vs.
standard care group 50%).
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Wu et al. [45] presented a multidisciplinary predialysis education program consisting of quarterly
individual nurse-led lectures for CKD patients stage 3 and 4, while this was intensified to
monthly lectures for CKD patients stage 5. Compared to controls, patients who followed the
multidisciplinary education program had a significant lower risk of requiring dialysis (hazard ratio
(HR) 0.117) and lower mortality (HR 0.103) after a mean follow-up of 11.7 months.

Five of the twelve articles that described good practices for dialysis education, focused on
PD patients [33, 37-39, 41]. Luongo et al. [41] described a five-step approach (i.e. preparation,
environment, special considerations, interview, and special concerns) for nurses to interview CKD
patients who may choose PD as dialysis treatment. The goal of the interview was to reduce stress
and anxiety in the patient and to promote shared decision-making. Although this approach has
not been tested, the authors concluded that it guides PD nurses in providing correct information
to future PD patients without overwhelming them.

The qualitative studies of Figueiredo et al. [38] and Firanek et al. [39] focused on PD training.
Figueiredo et al. [38] provided a detailed description of a 5-day PD training course, with an
introduction on day 1, supervised procedure practice sessions on days 2 to 4, and a review of the
provided information and check of the patient’s competence on day 5. The authors concluded that
with this training course PD nurses ensure that the patient can perform PD safely and effectively.
Firanek et al. [39] visited six centers to identify successful components of the PD training programs.
Subsequently, they provided an overview of these successful components focused on setting
and staff, training methods, educational documents, training structure, automated peritoneal
dialysis (APD) training content, and delivery of APD training.

Successful home visit programs were described by Farina et al. [37] and Martino et al. [33].
The main similarities between the two programs were: assessment of the home where PD
was performed, assessment of the PD procedure performed by the patient, and the patient’s
compliance to pharmacological and dialysis therapy. While Farina et al. did not examine the effect
of the intervention, Martino et al. reported that PD patients who received a home visit had a
significantly longer PD duration (52 weeks) and a lower technique failure rate (11.5%) compared
with controls (PD duration 48.8 weeks, technique failure rate 23.3%) [33].

The last three articles focused on an educational program for HD patients [44] and conversations
with dialysis patients [42, 43]. Wingard et al. [44] described a 3-month educational program for
HD patients that focused on health self-management, rehabilitation, nutritional counselling,
and interventions for achieving goals such as anemia management, adequate dialysis dose,
logistical, and psychosocial support. Compared to controls, patients who completed the program
had significantly fewer hospitalization days per patient year (7.2 vs. 10.5) and a lower mortality
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(HR 0.59) after a maximum follow-up duration of 12 months. The authors concluded that the

program not only reduced morbidity and mortality, but also increased job satisfaction for nurses.

Mandel et al. [42] described a 6-step guide for serious illness conversations with dialysis patients
to discuss their prognosis. The guide consisted of the following steps: set up the conversation,
assess the patient’s illness understanding, share the patient’s prognosis, explore key topics, close
the conversation, and document the conversation. The article by Michel et al. [43] also described
an approach for talking with dialysis patients about their prognosis based on four aspects: who
to tell, when to tell, what to tell, and how to tell. The authors concluded that this approach can

help discussing prognosis with dialysis patients, taking into account the patient’s preferences.
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Dialysis treatment

The three articles that described good practices for dialysis treatment were all qualitative studies
(Table 3) [46-48]. Abdel-Aal et al. [46] provided a detailed description of the procedure forinsertion
of a PD catheter by interventional radiologists. Various aspects of pre-procedure preparation,
such as bowel preparation and fasting, were discussed followed by a detailed explanation of the
PD catheterinsertion with explanatory photos. The procedure was described as a cost-effective
and minimally invasive alternative to traditional surgical placement of a PD catheter.

Craswell et al. [47] described practices for insertion, maintenance, and removal of central venous
catheters (CVCs) for HD. The practices for insertion consisted of patient education for insertion,
anatomical site selection and decision-making, and training. The practices for maintenance
consisted of education, dressing practices, and assessment and monitoring for infection. The
practices for removal consisted of the decision for removal and complications of removal. The
authors concluded that an interdisciplinary team is very important for patient education and
catheter care.

Desai et al. [48] reported 155 good practices that could potentially improve outcomes of
dialysis centers, such as dialysis dose and anemia management, and overall survival in dialysis
patients. The 155 good practices were divided into the following domains: facility characteristics
and amenities, facility-based health maintenance, staff working climate, general dialysis care
practices, physician practices, nursing practices, technician practices, and miscellaneous
practices. Through a survey among 342 respondents, a top 30 of good practices that had the most
impact on overall outcomes in dialysis was compiled. The majority of the top 30 good practices
focused on conducting a successful multidisciplinary team meeting, performing audits, training
nurses, reviewing the performance of health care professionals, and enhancing communication

and teamwork.
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eHealth

Four articles described good practices for eHealth, one of which focused on HD [49] and three on
PD (Table 4) [34-36]. The qualitative article on PD by Kaldoudi et al. [34] described the components
of an eHealth system by which data could be collected such as PD method, prescription, body
weight and hearth rate. Viglino et al. [36] described an eHealth system which led to a reduction
in peritonitis episodes and a 17.6% reduction in the number of transfers from PD to HD because
reduced compliance or lack of availability of a caregiver was no longer an issue. The authors
concluded that this system can be a valuable tool for increasing the number of PD patients.

While Kaldoudi et al. [34] and Viglino et al. [36] focused more on the technical aspects of eHealth
systems for PD patients, Li et al. [35] conducted a randomized controlled trial to investigate
the effect of post-discharge telephone support for PD patients. Patients were included if they
performed PD for a minimum of 3 months and were admitted to a nephrology department. The
control group received routine care, while patients in the intervention group were visited by a
nurse who assessed their needs and provided individualized education. After discharge from the
hospital, the nurse called the patients from the intervention group every week during a period of 6
weeks to assess their status and to give advice. This approach led to a significant improvement of
several health-related quality of life domains (e.g. symptoms, energy, work status) and a reduction
in the number of hospital visits.

Finally, Sicotte et al. [49] reported two eHealth models for in-center HD patients: virtual patients
rounds and telecase reviews with a multidisciplinary team. During the virtual patient rounds,
a remote nephrologist and nurse had contact with a patient and his/her nurse at the dialysis
center. During the telecase review, a remote nephrologist and nurse had contact with the general
practitioners and nurses at the dialysis center via videoconference, without the patient being
present. Both models led to a significant reduction in the number of medication changes per
month during a follow-up of 2 years. The authors concluded that eHealth can provide distant
supervision which improves the level of care utilization.

Discussion

This scoping review identifies 19 articles with good practices that could be used in addition to
guidelines. The twelve articles with good practices for dialysis education endorse the importance
of providing complete and objective predialysis education to CKD patients, assisting PD patients
in performing PD adequately, educating HD patients on self-management, and talking with dialysis
patients in general about their prognosis. The three articles with good practices for dialysis
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treatment provide practices regarding dialysis access devices and numerous candidate good
practices for dialysis centers. Finally, eHealth is useful for HD and PD and affects both quality of
care and health-related quality of life.

Good practices are locally implemented practices with which health care professionals have
good experience, but which are not necessarily evidence-based [14, 15]. Therefore, they are
generally not added to (inter)national guidelines. For dialysis treatment, there are many guidelines
with proven treatment methods, while guidelines for dialysis education are scarce [10, 52]. This
probably explains why we have found many good practices for dialysis education and only a few
for dialysis treatment.

Six of the 12 articles regarding dialysis education report a positive effect of the described
good practice(s) [31-33, 40, 44, 45]. Complete and objective education to CKD patients by a
multidisciplinary team decreases the dialysis incidence and mortality [45]. Moreover, it increases
the use of home dialysis [31, 32]. The European Renal Best Practice (ERBP) Advisory Board also
underscores complete and objective education to enable CKD patients to choose a dialysis
modality that is most suitable for them [5]. Another useful good practice is a decision aid for
CKD patients, which supports the shared decision-making process according to health care
professionals [40]. A Cochrane review, describing 105 decision aids for patients facing various
treatment or screening decisions, also states that decision aids increase participants’ knowledge,
decrease decisional conflicts, and facilitate active participation in decision making [53]. However,
the review includes no decision aids specifically for nephrological care. A randomized study
among 133 CKD patients concludes that an online decision aid can improve knowledge and
decrease decisional conflict and uncertainty about choice of dialysis treatment [54]. So, decision
aids are important for use during dialysis education.

Ahome visit also seems to be a very relevant tool for PD education, since Martino et al. [33] report
that their home visit reduces technique failure and extends PD treatment. The positive effect of
a home visit is also found in a French study of 359 patients on assisted PD, which found that it
increases the probability of patients remaining peritonitis free from 33.9% to 50.8% at 3 years
(p=0.028) [55]. Home visits conducted in two other studies, with the aim of providing dialysis
education for CKD patients, result in a higher probability for patients to receive home dialysis
[56,57]. So, home visits seem to be important not only for PD patients, but also for CKD patients
who have yet to make a treatment choice.

The articles regarding dialysis treatment provide guidance on PD catheter placement by
interventional radiologists and the insertion, maintenance, and removal of CVCs [46, 47]. The
International Society for Peritoneal Dialysis (ISPD) guideline on peritoneal dialysis access only
briefly mentions image-guided percutaneous PD catheter placement [58], so the procedure
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described by Abdel-Aal et al. can be a relevant addition [46]. The (inter)national guidelines for
CVCsalso describe insertion, maintenance, and removal practices [59-61], however only the most
recent guideline [62] underscores the importance of patient education as Craswell et al. did [47].
Finally, the 155 candidate good practices reported by Desai et al. could lead to general quality
improvement of dialysis care [48].

The articles regarding eHealth show that this good practice improves quality of care for HD
patients [49], quality of life for PD patients [35], and reduces the number of peritonitis episodes
[36]. In 2017, Rosner et al. [63] conducted a review on the use of eHealth in the care for dialysis
patients. They found 19 articles describing mostly small, single-center studies published between
1999 and 2017, 13 articles for PD and 6 articles for HD. Most of the articles used video conferencing,
remote monitoring, or monthly visits with physical examination (e.g. electronic stethoscopes)
using eHealth as technology. All articles report positive results of their eHealth system on various
outcomes such as patient independence, quality of life, and hospitalization. Rosner et al. conclude
that there stillis a lack of evidence regarding the use of eHealth, however they mention possible
benefits for example increased uptake and acceptance of home dialysis, treatment monitoring
in the home environment, improved patient satisfaction, and potential for cost savings [63]. In
the current time with the coronavirus disease 2019 (COVID-19) pandemic, eHealth may play an
important role through, for example, video conferences and remote patient monitoring [64-66].

Our review has several limitations. First, there is a probability that we have not identified all
articles describing good practices. Thisis partly because many articles do not label their practice
as ‘good practice’, making them less likely to appear in the search. However, by also using ‘best
practice’ and ‘practice guidelines’ as a search topic, we believe that we have attenuated this
problem. Second, most of the studies are qualitative in nature and describe no results, making
itimpossible to determine an effect of the described good practices. Finally, most of the studies
that described results investigate a small number of patients and report on different outcomes,
making mutual comparison impossible.

In conclusion, our scoping review identifies 19 articles describing good practices and their
results for dialysis education, dialysis treatment, and eHealth. These good practices could be
valuable in addition to guidelines for increasing shared decision-making in predialysis education,
using patients’ contribution in the implementation of their dialysis treatment, and advanced
care planning. Good practices can inspire and support health care professionals to change their
practices and this could possibly help to improve outcomes and quality of life for CKD and dialysis
patients. Additional research on good practices could be useful to identify more good practices
and determine the impact of these practices on CKD and dialysis patients.
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Abstract

Background In Europe, the number of elderly end-stage kidney disease patients is increasing.
Few of those patients receive peritoneal dialysis (PD), as many cannot perform PD autonomously.
Assisted PD programmes are available in most European countries, but the percentage of patients
receiving assisted PD varies considerably. Hence, we assessed which factors are associated with
the availability of an assisted PD programme at a center level and whether the availability of this
programme is associated with proportion of home dialysis patients.

Methods An online survey was sent to healthcare professionals of European nephrology units.
After selecting one respondent per center, the associations were explored by x? tests and (ordinal)
logistic regression.

Results In total, 609 respondents completed the survey. Subsequently, 288 respondents from
individual centers were identified; 58% worked in a center with an assisted PD programme.
Factors associated with availability of an assisted PD programme were Western European and
Scandinavian countries (OR: 5.73; 95%Cl: 3.07 - 10.68), non-academic centers (OR: 2.01; 95% Cl:
1.09 - 3.72) and centers with a dedicated team for education (OR: 2.87; 95% Cl: 1.35 - 6.11). Most
Eastern & Central European respondents reported that the proportion of incident and prevalent
home dialysis patients was <10% (72% and 63%), while 27% of Scandinavian respondents reported
a proportion of >30% for both incident and prevalent home dialysis patients. Availability of an
assisted PD programme was associated with a higher incidence (cumulative OR: 1.91; 95%Cl:
1.21-3.01) and prevalence (cumulative OR: 2.81;95%Cl: 1.76 - 4.47) of patients on home dialysis.

Conclusions Assisted PD was more commonly offered among non-academic centers with
a dedicated team for education across Europe, especially among Western European and
Scandinavian countries where higher incidence and prevalence of home dialysis patients was
reported.
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Introduction

Since 2001, the number of end-stage kidney disease (ESKD) patients worldwide treated with
dialysis has increased from 1 to 2 million and is expected to double again by 2030 [1-3]. The
majority of these patients are treated with in-center haemodialysis (ICHD) [4, 5], although
treatment with peritoneal dialysis (PD) has many advantages: it can be performed at home, there
is no need for a vascular access and patients’ residual kidney function is better preserved [6, 7].
These advantages are especially relevant for the increasing number of elderly patients, who form
the bulk of ESKD patients [8, 9]. However, the percentage of elderly ESKD patients receiving PD is
low and varies between 4% and 21% depending on the country [4, 5, 8, 10, 11].

If given a choice, many more elderly would like to receive PD, but comorbidity and frailty often
limit the possibility to perform self-care PD [9, 12, 13]. Important conditions that limit self-care
PD include decreased strength to lift PD bags, decreased dexterity, decreased vision, anxiety and
cognitive impairment [12, 14]. Due to these conditions, up to 80% of elderly patients need some
degree of assistance while performing PD [15-18].

The definition of assisted PD varies in literature [19]. In the most liberal way, it is defined as ‘a PD
modality performed at the patient’s home with the help of a healthcare technician, a community
nurse, a family member, or a partner’ [20]. Patients on assisted PD have similar rates of all-cause
hospitalisation compared to ICHD patients, and similar or even better rates of peritonitis and
technique survival compared to self-care PD patients [15,21-23]. Assisted PD patients have higher
mortality rates compared to self-care PD patients, which can be attributed to a higher comorbidity
and frailty [15, 22]. However, health-related quality of life is comparable [24-27] and assisted PD
is less expensive than ICHD in most countries depending on reimbursement strategy [28, 29].
Furthermore, introduction of assisted PD has been shown to have a positive effect on maintaining
the size of a PD programme [30], which can be important to ensure experience and quality of care.

Assisted PD programmes are available in many countries, but the percentage of patients actually
receiving assisted PD varies considerably [6, 11, 19, 31, 32]. This variation may be due to differences
in clinical background and experience of healthcare professionals, center characteristics,
organisational and financial factors, as shown in studies regarding PD in general [6, 33-37].
However, this has not been specifically investigated for assisted PD so far.

Therefore, we first assessed the factors that are associated with the availability of an assisted
PD programme at a center level, to get insight into the causes of practice variation. Secondly, we
investigated the association between the availability of an assisted PD programme and the proportion
ofincident and prevalent patients on home dialysis (i.e. PD and home haemodialysis (HHD)) at a center
level, to get insight into the influence of availability of assisted PD on the uptake of home dialysis.
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Methods

Study design

Anonline survey was sent to nephrologists (in training), dialysis nurses and administrative heads
of nephrology units in Europe. The survey was developed by members of the EuroPD Future
Leadership Initiative after two conference meetings in May-June 2019. The members discussed
how the care for ESKD patients could be improved by helping nephrology departments with their
home dialysis programmes. The following topics were discussed: PD training, urgent start PD,
age-related differences in use of PD, remote patient monitoring, organisation of nephrology units,
center size effect, and regional collaboration between centers. Subsequently, four topics (impact
of urgent start PD, impact of assisted care programmes, impact of access placement policy and
impact of center size) were selected through a three-step Delphi round [38]. During a final meeting
in October 2019, questions were formulated for each topic after conducting a narrative literature
review. The final survey consisted of 56 questions (Appendix 1).

The open survey was developed in SurveyMonkey and mailed to all EuroPD members for
distribution across Europe via their colleagues and their national and regional nephrology
societies. Participation was voluntary and anonymous. Respondents could submit the survey
between 11 December 2019 and 15 January 2020. The survey was approved by the Ethical
Committee of the Ghent University Hospital (EC 2019/1972).

Statistical analysis

Descriptive statistics were used for the professional background, center type and country of
employment of all respondents. The countries were classified into European regions: Eastern &
Central Europe, Western Europe, Scandinavia and the Mediterranean [39]. Ukraine and the Russian
Federation were added to the Eastern & Central European region.

Generally, the policy regarding the availability of an assisted PD programme is determined at
a center level. To perform analyses at a center level, one respondent per center was selected
by comparing respondents based on the following characteristics: country, region, center type
and size, and the proportion of incident and prevalent ESKD patients on a home based therapy.
If there were several respondents per center, the respondent with the largest experience was
chosen for the analyses.

For the analysis of the availability of an assisted PD programme at a center level, the answers to
the question ‘Does your unit provide a structured programme for assisted PD?’ were converted
from a 5-point Likert scale into a dichotomous variable (scores 1 to 3: no, scores 4 and 5: yes). In
addition, answers regarding the following variables were grouped into categories: center type
(non-academic vs academic), likelihood that chronic kidney disease (CKD) patients would receive
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education on kidney function/kidney failure/PD/HHD/ICHD (6-point Likert scale converted into a
dichotomous variable), reimbursement of PD as compared to ICHD (8 categories converted into
4) and the proportion of incident and prevalent home dialysis patients (< 10%, 10-20%, 20-30%,
>30%).

The univariable association between employment regions, center characteristics and
organisational factors (independent variables) on the one hand and the availability of an assisted
PD programme at a center level (dependent variable) on the other hand was explored by logistic
regression. For categorical variables, the first category was used as a reference. In addition, a
multivariable analysis was done to explore which variables were truly independent.

Subsequently, descriptive statistics were used to present an overview of financial factors: the
profitability of PD (i.e. difference between reimbursement and disposable costs) and the impact
of the distribution between kidney replacement (KRT) modalities (i.e. PD, HHD, ICHD, kidney
transplantation) on the income of nephrologists for centers with and without an assisted PD
programme. The univariable association between profitability of PD and the impact of the
distribution between KRT modalities on nephrologists’ income (independent variables) on the
one hand and the availability of an assisted PD programme at a center level (dependent variable)
on the other hand was also explored by logistic regression.

Finally, the univariable association between the availability of an assisted PD programme
(independent variable) and the proportion of incident and prevalent home dialysis patients
(defined as both PD and HHD) at a center level (dependent variable) was analysed with a x*test. In
addition, ordinal logistic regression (logistic regression with proportion of incident and prevalent
home dialysis patients as outcome) was performed to adjust for center type, center size (i.e. total
number of dialysis patients), the presence of a dedicated team for education and European region
(multivariable association). The five categories of the variable ‘presence of a dedicated team
for education’ were transformed into a dichotomous variable. Answers ‘no” and ‘do not know’
were indicated as ‘no’, while ‘yes, less than 1 fulltime equivalent’, ‘yes, 1 fulltime equivalent’ and
‘yes, 2 or more full time equivalents’ were indicated as ‘yes’. Ordinal logistic regression gives a
cumulative odds ratio (OR) that indicates the probability of being in a higher category compared
to the previous category.

All statistical analyses were performed with SPSS Statistics version 25 (SPPS, Chicago, Illinois,
USA).
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Results

Characteristics of respondents

In total, 609 respondents completed the online survey. Fifty-three percent of the respondents
were nephrologists with more than 10 years of experience (Supplemental Table 1). Forty-nine
percent of the respondents worked in a non-academic center and half of the respondents worked
in Western Europe (Supplemental Tables 1 and 2).

After completing the aforementioned selection procedure, 295 respondents from individual
centers were identified (Supplemental table 1 and 2). Data on the availability of an assisted PD
programme were missing in 7 respondents, thus the following analyses were conducted with
288 respondents.

Center characteristics and organisational factors associated with the availability of an
assisted PD programme

Of the 288 respondents, 167 (58%) worked in a center with an assisted PD programme. The
association between employment regions, center characteristics and organisational factors on
the one hand and the availability of an assisted PD programme on the other hand is presented in
Table 1. Compared to the Eastern & Central European region, respondents from Western Europe
and Scandinavia indicated significantly more often that an assisted PD programme was available
(Table 1). Compared to the Eastern & Central European and Mediterranean regions combined,
respondents from Western European and Scandinavian regions combined also indicated
significantly more often that an assisted PD programme was available (crude OR: 7.11; 95% Cl:
4.91-10.29).

Regarding center characteristics, non-academic centers and centers with 100—200 dialysis
patients significantly more often had an assisted PD programme (Table 1). Compared to centers
with <100 patients (i.e. centers with <50 and 50—100 patients combined), centers with >100 dialysis
patients (i.e. centers with 100—200 and >200 patients combined) also significantly more often had
an assisted PD programme (crude OR: 2.13; 95% CI: 1.32 - 3.43).

Regarding organisational factors, centers that provided education to CKD patients on kidney
function, kidney failure, PD and HHD significantly more often had an assisted PD programme
(Table 1). Education to CKD patients on PD had the strongest association with an OR of 19.77
(95% Cl: 2.53 - 154.72). Also, centers with a dedicated team for education significantly more often
had an assisted PD programme, with an increasing OR if more fulltime-equivalent was available.
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Table 1. Association between employment regions, center characteristics and organisational factors with

the availability of an assisted PD programme?

Employment regions

Eastern & Central Europe 14 (8) 27 (22) Reference
Mediterranean 34 (20) 59 (49) 1.11 (0.51 -2.40)
Western Europe 101 (61) 31(26) 6.28 (2.94 - 13.45)
Scandinavia 18 (11) 4(3) 8.68(2.46 - 30.63)
Center characteristics
Non-academic center 107 (64) 60 (50) 1.81(1.13-2.92)
Center size®
<50 patients 13(8) 19 (16) Reference
50 -100 patients 46 (27) 46 (38) 1.46 (0.65 - 3.30)
100 - 200 patients 73 (44) 29 (24) 3.68(1.61-8.41)
>200 patients 35(21) 27(22) 1.90 (0.80 - 4.50)
Organisational factors
Likely for CKD patient to receive
educationon
Kidney function® 134 (80) 83 (69) 3.23(1.25-8.33)
Kidney failure® 138 (83) 86 (71) 5.88(1.60-21.69)
PD¢ 140 (84) 85 (70) 19.77 (2.53 - 154.72)
HHD¢ 112 (67) 47 (39) 440 (2.45-7.91)
ICHD® 138(83) 92 (76) 2.50(0.58 - 10.72)
Dedicated team for education
No 24 (14) 39 (32) Reference
Yes, <1 FTE 46 (27) 40 (33) 1.87(0.96 - 3.62)
Yes, 1 FTE 41 (25) 18 (15) 3.70 (1.75-7.85)
Yes,>2 FTE 55 (33) 21(17) 4.26 (2.08 - 8.70)
Unknown 1(1) 3(3) -

PD=peritoneal dialysis; OR=odds ratio; Cl=confidence interval; CKD=chronic kidney disease; HHD=home

haemodialysis; ICHD=in-center haemodialysis; FTE=fulltime-equivalent

a. Data are presented as number (n) with percentage (%). Percentages are displayed as percentage of the
number of respondents in the vertical column.

b. Indicated by the total number of dialysis patients taken care of by the respondent’s nephrology team.

c. Missing: 26 in group with and 24 in group without structured programme.

d. Missing: 29 in group with and 26 in group without structured programme.

In the multivariable analysis, only center size was no longer an independent predictor for the
presence of an assisted PD programme (OR: 1.44; 95% Cl: 0.78 - 2.67), while Western European
and Scandinavian regions (OR: 5.73; 95% Cl: 3.07 - 10.68), non-academic centers (OR: 2.01; 95% Cl:
1.09 - 3.72), education on PD (OR: 9.04; 95% Cl: 1.07 - 76.18) and a dedicated team for education
(OR2.87;95% Cl 1.35 - 6.11) remained independent predictors.
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Financial factors associated with the availability of an assisted PD programme

The association between profitability of PD and the impact of the distribution between KRT
modalities on nephrologists’ income on the one hand and the availability of an assisted PD
programme on the other hand is presented in Table 2. Thirty percent of all respondents indicated
that they did not know what the profitability of PD was in their center. In addition, there was no
association between profitability of PD and the availability of an assisted PD programme.

Regarding the distribution between KRT modalities, 82% of all respondents indicated that it did
not affect theincome of nephrologists. Respondents from centers with an assisted PD programme
reported this slightly more often than respondents from centers without such a programme, 85%
versus 79%, respectively. In centers where ICHD is more profitable, an assisted PD programme
was less often available compared to centers where the distribution between KRT modalities has
no impact on income (OR: 0.41; 95%Cl: 0.20 - 0.84).

Table 2. Association between financial factors and the availability of an assisted PD programme®

Profitability of PD

Equalto ICHD 56 (34) 37(31) Reference

Better than ICHD 7(4) 4(3) 1.16(0.32-4.23)
Worse than ICHD 51 (30) 46 (38) 0.73(0.41-1.30)
Unknown 53(32) 34 (28) 1.03(0.57-1.87)

Impact of KRT distribution on income nephrologists

No impact 141 (85) 95 (79) Reference
PD more profitable 12(7) 3(2) 2.70(0.74-9.81)
ICHD more profitable 14 (8) 23(19) 0.41 (0.20-0.84)

PD=peritoneal dialysis; ICHD=in-center haemodialysis; KRT=kidney replacement therapy
a. Data are presented as number (n) with percentage (%). Percentages are displayed as percentage of the
number of respondents in the vertical column.

Proportion of ESKD patients on a home dialysis modality

The proportion of incident ESKD patients on a home dialysis modality is depicted in Figure 1. Of all
respondents, 39% indicated that the incidence in their center was <10%, while only 11% indicated
that the incidence was >30%. When focusing on the incidence according to region, a much higher
percentage (72%) of respondents from Eastern & Central Europe indicated that the incidence in
their center was <10%, while only 9% indicated that the incidence was >30%. For Scandinavia, an
incidence >30% was indicated by 27% of respondents.
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Figure 1. Proportion of incident ESKD patients on home dialysis according to region
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Figure 2. Proportion of prevalent ESKD patients on home dialysis according to region
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The proportion of prevalent ESKD patients on a home dialysis modality is depicted in Figure
2. Of all respondents, 31% indicated that the prevalence was <10% and 12% indicated that

>30%

the prevalence was >30%. When focusing on the regions, a much higher percentage (63%) of
respondents from Eastern & Central Europe indicated that the prevalence was <10%, while only
14% indicated that the prevalence was >30%. Again, Scandinavia had the highest percentage
(27%) of respondents indicating that the prevalence was >30%.
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Association between the availability of an assisted PD programme and proportion of
home dialysis

The proportions of incident and prevalent patients on a home dialysis modality, according to
the availability of an assisted PD programme, are depicted in Figure 3. Ax? test of independence
showed a significant association between the availability of an assisted PD programme and
an increasing proportion of incident as well as prevalent ESKD patients on a home dialysis
modality (p <0.001). This association persisted in an ordinal logistic regression analysis, taking
into account center type, size, presence of a dedicated team for education and European region.
With this analysis, the cumulative OR for the association between the availability of an assisted
PD programme and proportion of incident ESKD patients on a home dialysis modality was 2.22
(95% Cl: 1.38 - 3.57). The cumulative OR for the association between the availability of an assisted
PD programme and proportion of prevalent ESKD patients was 3.29 (95% Cl: 2.03 - 5.33).

Figure 3. Availability of an assisted PD programme and proportion of patients on a home dialysis modality
60%

50%

40% -

m Assisted PD program

30% - —T —

No assisted PD program
20% - T —
0% - T T T T T T

<10% 10-20% 20-30% >30% <10% 10-20% 20-30% =>30%

Proportion incident Proportion prevalent
home dialysis patients home dialysis patients

On the left, the proportion of incident patients on home dialysis is shown for centers with an assisted PD
programme (dark grey bars) and centers without an assisted PD programme (light grey bars). Just over
40% of centers with an assisted PD programme have 10 - 20% of their incident patients on a home dialysis
modality, while 52% of centers without an assisted PD programme have <10% of their incident patients on
home dialysis.

On the right, the proportion of prevalent patients on home dialysis is shown for centers with an assisted PD
programme (dark grey bars) and centers without an assisted PD programme (light grey bars): 43% of centers
with an assisted PD programme have 10 - 20% of their prevalent patients on a home dialysis modality, while
almost 46% of centers without an assisted PD programme have <10% of their prevalent patients on home
dialysis.

Discussion

Our study among healthcare professionals from European nephrological units shows that assisted
PD programmes are significantly more often available in Western Europe and Scandinavia. In
addition, we show that assisted PD programmes are more often available in non-academic centers
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and centers with a dedicated team for education. Also, there seems to be a relationship with
reimbursement strategy and impact on the nephrologist’s income since a larger proportion of
respondents without an assisted PD programme indicated that ICHD is more profitable. Finally,
having an assisted PD programme is associated with a higher incidence and prevalence of patients
on a home dialysis modality.

Thisis the first study to investigate variations in center characteristics, organisational and financial
factors, and their effect on the availability of an assisted PD programme across Europe. Only
one previous study has investigated the effect of variations in some of the abovementioned
factors, but this was a study on home dialysis in general (i.e. PD and haemodialysis combined)
conducted in a single country. This study consisted of a survey among 286 German nephrologists
and concluded that centers with assisted home dialysis had more experienced physicians and
more prevalent dialysis patients [40].

Although we cannot prove causal relationships, our study can provide guidance on what is needed
to treat more patients with assisted PD. While a factor such as center type cannot be influenced,
the positive effect of organisational factors, as a reflection of dedication, seems to be relevant.
Indeed, lack of staff, expertise, motivation and patient education are reported barriers that play
arole in the uptake of PD [36, 40-43]. A Chinese-German study stated that ‘a timely pre-dialysis
education, implementation of a structured model for care, education and training of helping staff,

»

and constantly monitoring of quality parameters is necessary’ to promote assisted PD [44]. So, to
treat more patients with assisted PD in Europe, it seems appropriate to invest in a dedicated team

of healthcare professionals who provide adequate education and support patients on assisted PD.

Our study also suggests that reimbursement might play a role in the uptake of assisted PD
programmes. Numerous European studies have indicated that low reimbursement for PD is an
important barrier for PD utilisation [36, 40, 41], although assisted PD has shown to be a cost-
effective treatment for frail elderly patients [31]. The fact that appropriate reimbursement,
besides experience with PD, influences the number of patients on assisted PD is illustrated by a
study comparing the assisted PD experiences of Canada and the United States [11]. In Canada,
physicians have sufficient experience with PD, reimbursement is equal for PD and ICHD and
assisted PD programs are available, while in the United States, experience with PD is limited,
reimbursement for PD is less than for ICHD and assisted PD programmes are not available.
As a result, the percentage of incident patients older than 65 years who receive PD is 21% in
Canada, while this is only 7% in the United States [11]. Also, two French studies showed that the
implementation of assisted PD at a single center increased the use of PD in incident patients from
21% to more than 40% [45] and that availability of assisted PD was associated with an 1.78 times
increased rate of PD initiation, with elderly patients benefitting most [30].
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Our study has some limitations. First, there may have been self-selection bias, as healthcare
professionals with an assisted PD programme could have been more likely to respond to the
survey. However, still centers without an assisted PD programme were relatively well represented
in our study. Second, there may have been a recall bias, for example regarding PD profitability.
Thirty percent of the respondents in our study did not know what the profitability of PD was in
their center, while 32% indicated that the profitability of PD was equal to ICHD, which probably
obscures underappreciated differences; indeed, health economics are complex and likely to
be poorly understood. Third, the dichotomisation and categorisation of the response options
may also have led to bias. Finally, no analysis could be performed regarding the individuals who
facilitated assisted PD, caregivers or family members for example, which could have influenced
reimbursement. In addition, reimbursement may also be influenced by geographic location;
however, we were unable to perform that analysis due to a limited number of respondents per
country. However, this is the first study providing valuable information on practice variation and
factors associated with the availability of an assisted PD programme across Europe.

In conclusion, assisted PD programmes are significantly more often available in Western Europe
and Scandinavia, in non-academic centers and centers with a dedicated team for education.
Importantly, assisted PD programmes are associated with a higher incidence and prevalence
of patients on home dialysis. Further research should focus more on (the differences in)
reimbursement policies for assisted PD per country.
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Supplemental material

Supplemental table 1. Professional background, employment regions, and center type

Professional background

Nephrologist in training

Nephrologist with <5 yrs. Experience
Nephrologist with 5 - 10 yrs. Experience
Nephrologist with 10 - 20 yrs. Experience
Nephrologist with >20 yrs. Experience
Dialysis nurse with 5 - 10 yrs. Experience
Dialysis nurse with 10 - 20 yrs. Experience
Administrative head of unit
Employment regions

Eastern & Central Europe

Mediterranean

Western Europe

Scandinavia

Center type

Non-academic center

55(9)

96 (16)
102 (16.5)
167 (27)
159 (26)
2(0.5)

22 (4)
6(1)

67 (11)
166 (27)
318 (52)
57(9)

299 (49)

43 (15)
96 (32)
134 (45)
22(9)

171 (58)

Data are presented as number (n) with percentage (%)

a. Foremployment regions: 1 missing.
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Supplemental table 2. Country of employment of respondents according to region

Assisted peritoneal dialysis across Europe

Albania
Bosnia-Herzegovina
Bulgaria
Croatia

Cyprus

Czech Republic
Hungary
Lithuania
Montenegro
Romania
Russian Federation
Serbia

Slovakia
Slovenia

Turkey

Ukraine
Mediterranean
Andorra

Greece

Israel

Italy

Portugal

Spain
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49 (16.6)

Austria 1(0.2)
Belgium 32(5.3)
France 86 (14.1)
Germany 8(1.3)
Ireland 5(0.8)
The Netherlands 147 (24.1)
Switzerland 22 (3.6)

United Kingdom 17 (2.8)

Scandinavia

Denmark 2(0.3)
Norway 34 (5.6)
Sweden 21(3.4)

1(0.3)
10 (3.4)
46 (15.6)
5(1.7)
5(1.7)
43(14.6)
15(5.1)
9(3.1)

Data are presented as number (n) with percentage (%)
a. The country of employment is missing for 1 respondent.
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Appendix

1. What is your professional background?

«  Nephrologistin training

«  Nephrologist with <5 years of experience

«  Nephrologist with 5 to 10 years of experience
«  Nephrologist with 10 to 20 years of experience
«  Nephrologist with >20 years of experience

«  Nurse with <5 years of experience

. Nurse with 5 to 10 years of experience

«  Nurse with 10 to 20 years of experience

«  Administrative head of unit

2. What is the size of your dialysis center? (please consider all patients taken care of by
your nephrology team on either PD or HD, be it at home or in center)

+ <50 patients

50-100 patients

100-200 patients

>200 patients

3. What type of center are you working in?

«  Academic tertiary center

. Non-academic tertiary center

«  Non-academic regional hospital based center, not private
«  Non-academic regional hospital based center, private

«  Private center out of hospital

4. In what country do you work?

5. In which region do you work?
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6. What is (estimated) the proportion of incident ESKD patients on home based therapy in
your unit? (so patients starting their renal replacement therapy at home within the first 3

months after start)
. <10%

. 10-15%

. 15-20%

. 20-25%

. 25-30%

. 30-40%

. >40%

7. What is (estimated) the proportion of prevalent ESKD patients on home based therapy

in your unit?
. <10%

. 10-15%
. 15-20%
. 20-25%
. 25-30%
. 30-40%
o >40%

8. What is the average waiting time for a cadaveric transplantation in your unit?
+  Lessthan1year

. 1-2 years

. 2-3years

«  morethan3years

9. What is (estimated) the proportion of incident ESKD patients having a pre-emptive
(living or cadaveric) transplantation in your unit?

o <10%

. 10-15%
. 15-20%
. 20-25%
. 25-30%
. 30-40%
. >40%

. Do not know
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10. In general terms, in your country/region, how is the reimbursement of PD as com-
pared to center HD?

«  Thereimbursement for PD and center HD is equal

«  Thereimbursement for center HD is higher, so it is more profitable than PD

«  Thereimbursement for center HD is higher, but costs are also higher, so it is equally profitable
asPD

«  The reimbursement for PD is higher than for center HD, but due to costs for disposables
(dialysate bags, lines, cycler, connectology...) itis less profitable

«  Thereimbursement for PD is equal as for center HD, but due to disposable costs it is less
profitable

+  Thereimbursementfor PD is higher than for center HD and it is more profitable than center
HD

. The reimbursement for PD is lower than for center HD, but, and due to disposable costs, it
is less profitable

«  Idonotknow

11. In your unit:

. The partition between the different renal replacement therapies (center HD, PD, Home HD,
Transplantation) does not really impact the income of the nephrologists

. The partition between the different renal replacement therapies (center HD, PD, Home HD,
Transplantation) has a substantial impact on the income of the nephrologists, and center
HD is more profitable

. The partition between the different renal replacement therapies (center HD, PD, Home HD,
Transplantation) has a substantial impact on the income of the nephrologists, and PD is
more profitable

12. In your region, transport of patients to and from the dialysis unit for hemodialysis
(more than one can apply):

« Isfully reimbursed

« Iswell organized centrally (by the center or some organization)

«  Organization of transport is seen as a major problem by many patients
« s partially reimbursed; patients pay only a small contribution

« Ispartially reimbursed; but patients pay a substantial contribution

«  Hastobeorganized and paid by the patient himself

« s problematicin view of the distances and traffic conditions

+  ldonotknow
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1= 3 4 5-very
not at all organised
Astructured pre-dialysis training program o o o o
for patients
Astructured PD program
Astructured home HD program o o o o
Astructured transplant program for o o o o
cadaveric donation
Astructured transplant program for living o o o o
donation
Astructured program for assisted PD o o o o

14. Do you have in your center a dedicated team for an advanced CKD/pre-dialysis/low

clearance education program?

. No

. Yes, less than 1 full time equivalent
«  Yes, 1full time equivalent

«  Yes,2ormore full time equivalents
+ Do notknow

15. If no, or unknown, how is this low clearance program organized?

16. How does the lack of availability of a structured low clearance clinic influence the

prevalence of ESKD patients in your home based therapy program according to your

opinion?

«  Notatall
«  Slightly

+  Modestly

«  Substantially
+  |haveneverthought about this
« Notapplicable
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17. Is it possible in your unit to get a PD catheter placed in a new patient within 48 hours?
. Yes

«  Yes,mostof the time

. Sometimes

«  Mostly not

. No

«  We have to refer the patient to another unit to place a PD catheter

18. What are to your opinion underlying reasons why this is not possible?

19. How long would it take to get a planned PD catheter placement on average?
. less than a week

«  onetotwo weeks

«  twoto three weeks

« amonth ormore

20. In your unit, is there a nephrologist that can place PD catheters at the bedside under
local anesthesia?

. Yes

. No

21. What are to your opinion, the advantages of being able to use such a bedside tech-
nique?

22. What are, to your opinion, barriers to allow being able to use such a bedside tech-
nique?

23. Who does place the PD catheters in your center? (more than one can fit)

«  Seniorsurgeon

«  Juniorsurgeon

«  Dedicated surgeon

« Interventional radiologist
«  Nephrologist

«  Other
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24. How do you appreciate the commitment of these operators to the issue of placement
of PD catheters?

0-very low 1 2 3 4 5-very high

o o o o o o

25. Is it possible in your unit to replace a non-functioning catheter within 48-72 hoursin a
patient already on PD?

. Yes

«  Yes, most of the time

. Sometimes

«  Mostly not

. No

26. Can you describe the impact on the management of the patient of such a mechanical

related issue?

27. Do you or a colleague place the permanent HD catheters yourself?

. Yes
. No

28. Who does place the permanent HD catheters? (more than one can fit)

«  Seniorsurgeon

«  Juniorsurgeon

+  Dedicated surgeon

+  Interventional surgeon
«  Other

29. Is it possible in your unit to place a permanent HD catheter within 48 hours?
. Yes

«  Yes, mostof the time

. Sometimes

+  Mostly not

. No
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30. Do you have a structured follow up of outcome results of PD catheter function in your

unit?

. Yes

. No

«  ldonotknow

31. Who is getting the results of this structured follow up?

32. What is the likelihood that in your center, a patient suffering from chronic kidney dis-
ease with long term nephrology follow-up at your unit, will receive education on:

What is the function of the kidney? S o S o S o
What is kidney failure?
Conservative medical care for end S IS o S

stage kidney disease
Peritoneal dialysis
Home hemodialysis

In Center hemodialysis
Kidney transplantation

O 0O 0O o
O 0 0O O
O 0O 0O o
0O 0 0 O
O 0O 0O o
O 0 0 O

33. What is the likelihood that in your center, a patient suffering from chronic kidney
disease who present as a crash lander (unplanned start, emergency start dialysis), will at
some stage during the first 3 months receive education on:

What is the function of the kidney? o o o o <) o
What is kidney failure? =) S o
Conservative medical care for end o o o o

stage kidney disease
Peritoneal dialysis
Home hemodialysis

In Center hemodialysis

O 0O O o
0O 0O 0O O
0O 0O 0O o
0O 0O 0O O
0O 0O 0O o
0O 0O 0O O

Kidney transplantation
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34. A48 year-old woman not previously known to your unit presents at your emergency
department. Diagnosis of established end stage renal disease is made. Rank the follow-
ing in order of probability. (4= most probable, 1= least probable)

The patient will start on HD by a central venous line

The patient will start on HD by a central venous line and AV access will be planned

The patient will start on HD by a central venous line and different RRT modalities, including PD,
will be discussed for follow up treatment

The patient will receive a PD catheter and PD will be started within 48 hours

35. Score the following (0= completely not, 5= 1 would seriously be concerned):

Would you be concerned to IS S S S o S
have an elderly patient on

PD at home?

Would you be concerned to o o o o o S
have a frail patient on PD at

home?

36. Do you have facilities/procedures to provide assistance to enable frail patients to
perform dialysis at their place of residence?

«  Yes
. No

37. For which modalities? (more than one can apply)

. APD
. CAPD
. Home HD
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38. What degree of assistance do you offer? (more than one can apply)

«  Practical/logistical support (eg carry boxes, prepare machine etc)
«  Patient connection to the device/bag

«  Patientdisconnection from the device/bag

. Measurement of patients parameters

. Medication administration: EPO, iron IV, ...

«  Other (please specify)

39. Who performs the assistance? (more than one can apply)

«  Family/non-professional relatives

. Qualified renal nurse from your unit

. Nurse assistant from your unit

. Quialified district nurse

. Qualified private nurse

. Nurse assistant or technician or Healthcare assistant from community service
«  Personnel from a dialysis company

«  Other (please specify)

40. Is there a specific reimbursement for this assistance for PD patients?
. No

. Yes, to the patient

«  Yes,directly to the renal unit

«  Yes,directly to the person who provides the assistance

«  ldonotknow

41. Is this reimbursement sufficient to? (more than one can apply)

«  cover the additional costs of assisted PD

«  beprofitable to the renal unit

«  beprofitable to the person providing the assisted care
« actasanincentive for assisted PD

«  ldonotknow

42. A 80 year old person with poor mobility, ESKD, has decided to start RRT; she has mild
cognitive impairment, but is still living alone.

What modality(ies) of renal substitution would you offer her?

(conservative management included)
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43. Why would you offer these modality(ies) of renal substitution?

44. Would you consider assisted PD in this patient?
. Yes, certainly

+  Yes,maybe

+  Probably not

+  Mostlikely not

«  Certainly not

45. What advantages do you see for assisted PD in this patient?

46. What disadvantages do you see for assisted PD in this patient?

' '

47. A 80 year old person with poor mobility on APD for one year, is being assisted for her

APD treatment by her daughter. However, the daughter is no longer able to provide this
assistance. What alternative therapy would you offer her?

48. Would you consider assisted PD in this patient?
«  Yes, certainly

. Yes, maybe

+  Probably not

+  Most likely not

«  Certainly not

49. Why would you or would you not consider assisted PD in this patient?
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50. A55 year old patient 2 months on PD and on waiting list for transplantation, presents
for the 3th time with a slow outflow problems, resistant to laxatives. The abdominal
X-Ray demonstrates a translocation of the PD catheter in the upper abdomen.

List in order of likelihood what is most likely (5: most likely; 1 least likely) which approach
you would prefer in this patient:

Ask surgeon for surgical intervention to solve the technical catheter issue
T=ransfer to other specialized PD center to solve the technical catheter issue
Tzransfer to in center HD on permanent central venous catheter

:lace a central venous catheter and plan AV fistula

Plan AV fistula and continue PD as a bridge to HD

51. Do you have established collaboration agreements with other units for management
of the following? (more than one can apply)

«  Catheterrelated issues

«  Presumed EPS

. Infectious complications

«  Assisted PD

«  Training and education

«  Challenging clinical case discussions

. For none of these

«  ldonotreally know this

52. Do you have an established quality assessment program for the following? (more than
one can apply)

«  Catheterrelated issues

«  Presumed EPS

« Infectious complications
+  Assisted PD

«  Training and education

«  Survival

«  Technique success

«  Fornoneofthese

«  ldonotreally know this
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53. Has your unit ever done special initiatives to increase the prevalence of homebased

therapies?
. Yes
. No

54. Can you describe what type of initiative?

55. Was the result as expected?

56. if you wish to participate in the lottery to receive free registration tickets for the joined

ISPD/EUroPD meeting - May 2-5, 2020 in Glasgow, please enter your email address below:

' '
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Abstract

Background Dialysis patients have an increased bleeding risk as compared with the general
population. However, thereis limited information whether bleeding risks are different for patients
treated with hemodialysis or peritoneal dialysis. From a clinical point of view, this information
could influence therapy choice. Therefore, the aim of this study was to investigate the association
between dialysis modality and bleeding risk.

Methods Incident dialysis patients from the Netherlands Cooperative Study on the Adequacy
of Dialysis (NECOSAD) were prospectively followed for major bleeding events over three years.
Hazard ratios with 95% confidence intervals (Cl) were calculated for hemodialysis compared
with peritoneal dialysis using a time-dependent cox regression analysis, with updates on dialysis
modality.

Results In total, 1745 patients started dialysis, of whom 1211 (69.4%) received hemodialysis and
534 (30.6%) peritoneal dialysis. The bleeding rate was 60.8/1000 person-years for hemodialysis
patients and 34.6/1000 person-years for peritoneal dialysis patients. The time-dependent Cox
regression analysis showed that after adjustment for age, sex, primary kidney disease, prior
bleeding, cardiovascular disease, antiplatelet drug use, vitamin K antagonist use, erythropoietin
use, arterial hypertension, residual GFR, hemoglobin and albumin levels, bleeding risk for
hemodialysis patients compared with peritoneal dialysis was 1.5-fold (95% CI 1.0 - 2.2) increased.

Conclusions In this large prospective cohort of incident dialysis patients, hemodialysis

patients had an increased bleeding risk compared with peritoneal dialysis patients. Especially,
hemodialysis patients with a history of prior bleeding had an increased bleeding risk.
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Introduction

For over 30 years, end-stage kidney disease patients have been known to have an increased
bleeding risk. Bleeding event rates for end-stage kidney disease patients treated with
hemodialysis or peritoneal dialysis range between 42 and 89/1000 person-years [1-5] compared
with 0.5-0.9/1000 person-years in the general population [6-8]. The increased bleeding risk could
be explained by anemia (especially in the era before introduction of erythropoietin), platelet
dysfunction and impaired interaction between platelets and the vessel wall [9-11]. Furthermore,
the high prevalence of antiplatelet and anticoagulant drug use could also play an important role
[9,11,12].

There are limited data about differences in bleeding risk of hemodialysis patients compared with
peritoneal dialysis patients. Most studies that investigated bleeding risk in dialysis patients have
focused on hemodialysis patients with atrial fibrillation. These studies showed a high bleeding
risk in hemodialysis patients using vitamin K antagonists [13, 14]. Therefore, there is doubt
whether the benefit of vitamin K antagonists in preventing stroke outweighs the high bleeding
risk in dialysis patients. Only four studies compared the bleeding risk of patients on different
dialysis modalities and showed that hemodialysis patients have a higher risk than peritoneal
dialysis patients for subdural hematomas and gastrointestinal bleeding [15-18]. Three of these
studies were retrospective cohort studies conducted in Taiwan [15, 17, 18]. They showed that,
compared with peritoneal dialysis patients, hemodialysis patients have a 1.6-fold increased risk for
subdural hematomas [15] and a 1.1- to 3.2-fold increased risk for gastrointestinal bleeding [17, 18].
However, prospective data regarding the difference in total bleeding risk between hemodialysis
and peritoneal dialysis patients are lacking.

From a clinical perspective, it is important to know whether hemodialysis compared with
peritoneal dialysis increases bleeding risk. There may be a preferred dialysis modality for specific
subgroups of patients regarding bleeding risk. Therefore, we investigated the association between
dialysis modality and bleeding risk.
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Methods

Study population

The Netherlands Cooperative Study on the Adequacy of Dialysis (NECOSAD), conducted in 38
dialysis centers, prospectively included end-stage kidney disease patients who started dialysis
treatment from 1997. Patients were =18 years and had no previous renal replacement therapy.
Follow-up of patients was conducted until bleeding event within three years of follow-up, death or
censored in case of kidney transplantation, loss to follow-up or until December 2013. All patients
provided written informed consent and local medical ethics committees approved the study.

Demographic and clinical data

Data on age, sex, dialysis modality and primary kidney disease were collected at start of dialysis
treatment. Primary kidney disease was classified according to the European Renal Association -
European Dialysis and Transplant Association (ERA-EDTA) codes [19]. We grouped patients into
four classes of primary kidney disease: diabetes mellitus, glomerulonephritis, renal vascular
disease and other kidney diseases. Data on prior bleeding, cardiovascular disease, erythropoietin
use and use of antithrombotic drugs (i.e. antiplatelet drugs or vitamin K antagonists) were also
collected at start of dialysis treatment. Prior bleeding was defined as a bleeding event leading to
hospitalization and cardiovascular disease as ischemic heart disease (hospitalization for acute
coronary syndrome or bypass surgery/percutaneous angioplasty), congestive heart failure or
peripheral vascular disease. Blood pressure, hemoglobin, albumin, urea and creatinine were
routinely measured in the dialysis centers at three months after the start of dialysis treatment.
Blood pressure was measured before and after dialysis treatment over a 2-week period. The
systolic and diastolic blood pressure values were both the average of up to six measurements.
Arterial hypertension was defined as a systolic blood pressure of 2140 mmHg or a diastolic blood
pressure of 290 mmHg. Residual glomerular filtration rate (GFR) was calculated as the mean of
creatinine and urea clearance, using creatinine and urea measurements in blood and 24 hours
urine collections, corrected for body surface area (ml/min/1.73m?).

Bleeding

Bleeding was defined as an event leading to hospitalization or death within three years of follow-
up. The following causes of death were classified as a result of bleeding: hemorrhagic pericarditis,
gastrointestinal hemorrhage, hemorrhage from a peptic ulcer, hemorrhage from vascular access
or dialysis circuit, hemorrhage from ruptured vascular aneurysm, hemorrhage from surgery and
other hemorrhage (including cerebral and subdural hemorrhage) (ERA-EDTA codes 13, 23, 25 -
28,71) [19].
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Statistical analysis

Baseline characteristics were presented as percentages or medians with interquartile range (IQR).
Kaplan-Meier bleeding curves were generated for both dialysis modalities over three years of
follow-up. Hazard ratios (HRs) with 95% confidence intervals (Cls) were calculated for hemodialysis
in comparison with peritoneal dialysis using Cox proportional hazard analyses. Adjustment of
HRs was first performed for baseline variables age, sex, primary kidney disease, prior bleeding,
cardiovascular disease, antiplatelet drug use, vitamin K antagonist use and erythropoietin use.
In addition, a second adjustment of HRs was performed in which arterial hypertension, residual
GFR, hemoglobin and albumin levels were added to the other variables. Furthermore, a time-
dependent Cox regression analysis, with updates on dialysis modality, was performed to account
for potential influence of changes in dialysis modality over time.

Multiple imputation was performed to account for missing data, using the fully conditional
specification [20-23]. The imputation model contained all baseline characteristics including
dialysis modality, bleeding outcome and mortality [21].

Interaction analyses were performed to identify patients with an increased bleeding risk. For
these analyses, adjusted HRs of bleeding were calculated for hemodialysis patients with and
without antithrombotic drug use, cardiovascular disease and prior bleeding in comparison with
peritoneal dialysis patients without antithrombotic drug use, cardiovascular disease and prior
bleeding (reference group). The same reference group of peritoneal dialysis patients was also
used for calculation of the number needed to treat (NNT).

Statistical analyses were conducted with IBM SPSS Statistics version 25.

Results

Baseline characteristics

Atotal of 1745 patients were included, of whom 1211 patients (69.4%) started with hemodialysis
and 534 patients (30.6%) with peritoneal dialysis. Baseline characteristics are described in Table
1. Hemodialysis patients, compared with peritoneal dialysis, were older (66 versus 54 years), more
often female (40% versus 35%), used more often antiplatelet drugs (26% versus 15%) and vitamin
Kantagonists (16% versus 5%), and had a slightly lower residual GFR (3 versus 4 ml/min/1.73m?).
A small percentage of both hemodialysis and peritoneal dialysis patients had a history of prior
bleeding (7 and 4%, respectively).
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Table 1. Baseline characteristics

Hemodialysis*

Peritoneal dialysis**

(N=1211) (N=534)

Age, median (IQR), [years] 66 (54-73) 54 (44-65)
Female sex, N (%) 488 (40%) 187 (35%)
Primary Kidney Disease, N (%)

Diabetes mellitus 188 (16%) 93 (17%)

Glomerulonephritis 142 (12%) 96 (18%)

Renal vascular disease 260 (219%) 69 (13%)

Other 621 (51%) 276 (52%)
Prior bleeding, N (%) 83 (7%) 19 (4%)
Cardiovascular disease, N (%) 490 (40%) 134 (25%)
Antiplatelet drug use, N (%) 316 (26%) 80 (15%)
Vitamin K antagonist use, N (%) 195 (169%) 26 (5%)
Erythropoietin use, N (%) 896 (74%) 348 (65%)
Arterial hypertension, N (%) 750 (63%) 234 (45%)
Residual GFR, median (IQR), [ml/ min/1.73m?] 3 (1-5) 4 (2-6)
Hemoglobin, median (IQR), [mnmol/L] 6.7 (6.1-7.4 73 (6.7-8.0)
Albumin, median (IQR), [g/ L] 37 (33-40) 36 (33-40)

N=number; IQR=interquartile range; GFR= glomerular filtration rate

* Missings in hemodialysis patients: Prior bleeding 12 (1.0%), arterial hypertension 23 (1.9%), residual GFR
269 (22.2%), hemoglobin 20 (1.7%) and albumin 50 (4.1%).
** Missings in peritoneal dialysis patients: Prior bleeding 4 (0.7%), arterial hypertension 11 (2.1%), residual
GFR 48 (9.0%), hemoglobin 10 (1.9%) and albumin 18 (3.4%).

Bleeding events

Within three years of follow-up, 183 patients had a first bleeding event on dialysis after a median
follow-up of 2.2 years (IQR 1.0 - 3.0). The bleeding rate was 52.3/1000 person-years. Of the 183
patients with bleeding events, 144 patients were treated with hemodialysis and 39 patients with

peritoneal dialysis at baseline. After three years, the cumulative bleeding incidence was 15.5%

for hemodialysis patients and 9.7% for peritoneal dialysis patients (Figure 1).

Figure 1. Cumulative bleeding incidence of dialysis patients
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Hemodialysis patients had a bleeding rate of 60.8/1000 person-years and peritoneal dialysis
patients had a bleeding rate of 34.6/1000 person-years. The crude HR of bleeding was 1.7 (95%
Cl 1.2 - 2.5) in hemodialysis patients compared with peritoneal dialysis patients. Hemodialysis
patients had a 1.5-fold (95% CI 1.0 - 2.1) increased bleeding risk after adjustment for age, sex,
primary kidney disease, prior bleeding, cardiovascular disease, antiplatelet drug use, vitamin K
antagonist use and erythropoietin use. Additional adjustment for arterial hypertension, residual
GFR, hemoglobin and albumin levels resulted in a 1.4-fold (95% CI 1.0 - 2.1) increased bleeding
risk (Table 2). The time-dependent Cox regression analysis showed a HR of 1.5 (95% CI 1.0 - 2.2)
after adjustment for age, sex, primary kidney disease, prior bleeding, cardiovascular disease,
antiplatelet drug use, vitamin K antagonist use, erythropoietin use, arterial hypertension, residual
GFR, hemoglobin and albumin levels (Table 2).

Table 2. Hazard ratios of bleeding for hemodialysis versus peritoneal dialysis

N  Incidencerate Crude Adjusted* Adjusted**  Time-dependent
per 1000 HR(95%CI) HR(95%CI) HR(95%CI) Adjusted**
person-years HR (95% Cl)

Peritoneal dialysis 534 34.6 1 (reference) 1 (reference) 1 (reference) 1 (reference)
Hemodialysis 1211 60.8 1.7 (1.2-2.5) 1.5 (1.0-2.1) 1.4 (1.0-2.1) 1.5 (1.0-2.2)

N=number; HR=Hazard ratio; Cl=confidence interval

* Adjusted for age, sex, primary kidney disease, prior bleeding, cardiovascular disease, antiplatelet drug use,
vitamin K antagonist use, and erythropoietin use.

“* Adjusted for age, sex, primary kidney disease, prior bleeding, cardiovascular disease, antiplatelet drug
use, vitamin K antagonist use, erythropoietin use, arterial hypertension, residual GFR, hemoglobin and
albumin levels.

During the study, 13 patients died as a result of bleeding of whom 12 were treated with hemodialysis
and one with peritoneal dialysis. Of the 12 fatal bleeding events in hemodialysis patients, four were
due to hemorrhage from a ruptured vascular aneurysm, three due to gastrointestinal hemorrhage,
two due to hemorrhage from surgery, one due to hemorrhage from vascular access or dialysis
circuit and two due to other hemorrhage. The fatal bleeding event in the peritoneal dialysis patient
was due to gastrointestinal hemorrhage. The fatal bleeding rate for hemodialysis patients was
5.1/1000 person-years and for peritoneal dialysis patients 0.9/1000 person-years.

Interaction analyses

First, stratification for antithrombotic drug use (i.e. antiplatelet drugs or vitamin K antagonists)
was performed for which peritoneal dialysis patients without antithrombotic drugs served as
the reference group. The three groups for this analysis were: hemodialysis patients without
antithrombotic drugs, peritoneal dialysis patients with antithrombotic drugs and hemodialysis
patients with antithrombotic drugs. For hemodialysis patients without antithrombotic drugs, the
time-dependent adjusted HR for bleeding was 1.7 (95% Cl 1.1 - 2.7) compared with peritoneal
dialysis patients without antithrombotic drugs. For peritoneal dialysis patients with antithrombotic
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drugs, the time-dependent adjusted HR was also 1.7 (95% CI 0.8 - 3.4). For hemodialysis patients
with antithrombotic drugs, the time-dependent adjusted HR was 1.9 (95% CI 1.1 - 3.1) compared
with the reference group. The NNT was 27 for hemodialysis patients with antithrombotic drugs
(Table 3).

In addition, we analysed the two antithrombotic drugs separately. Vitamin K antagonists
use led to a 1.8-fold (95% CI 1.1 - 3.1) increased (time-dependent adjusted) bleeding risk for
hemodialysis patients compared with peritoneal dialysis patients without vitamin K antagonists
use. Antiplatelet drug use resulted in a time-dependent adjusted HR of 1.7 (95% CI 1.0 - 2.9)
for bleeding in hemodialysis patients as compared with peritoneal dialysis patients without
antiplatelet drug use.

Secondly, stratification for cardiovascular disease was performed for which peritoneal dialysis
patients without cardiovascular disease served as the reference group. The three groups for
this analysis were: hemodialysis patients without cardiovascular disease, peritoneal dialysis
patients with cardiovascular disease and hemodialysis patients with cardiovascular disease.
For hemodialysis patients without cardiovascular disease, the time-dependent adjusted
HR for bleeding was 1.8 (95% CI 1.1 - 2.9) compared with peritoneal dialysis patients without
cardiovascular disease. For peritoneal dialysis patients with cardiovascular disease, the time-
dependent adjusted HR was 1.5 (95% Cl1 0.8 - 2.9). For hemodialysis patients with cardiovascular
disease, the time-dependent adjusted HR was 1.4 (95% CI 0.8 - 2.5) compared with the reference
group. The NNT was 29 for hemodialysis patients with cardiovascular disease (Table 3).

Thirdly, stratification for prior bleeding was performed for which peritoneal dialysis patients
without prior bleeding served as the reference group. The three groups for this analysis were:
hemodialysis patients without prior bleeding, peritoneal dialysis patients with prior bleeding and
hemodialysis patients with prior bleeding. For hemodialysis patients without prior bleeding, the
time-dependent adjusted HR for bleeding was 1.4 (95% CI 1.0 - 2.1) compared with peritoneal
dialysis patients without prior bleeding. For peritoneal dialysis patients with prior bleeding, the
time-dependent adjusted HR was 0.7 (95% CI 0.1 - 5.3). For hemodialysis patients with prior
bleeding, the time-dependent adjusted HR was 3.0 (95% CI 1.7 - 5.3) compared with the reference
group. The NNT was 10 for hemodialysis patients with prior bleeding (Table 3).
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Discussion

In this large prospective cohort of incident dialysis patients, both hemodialysis (60.8/1000
person-years) and peritoneal dialysis patients (34.6/1000 person-years) had increased bleeding
risks compared with the general population (0.5 - 0.9/1000 person-years).[6-8] It isimportant to
realize that the prevalence of antithrombotic drug use is higher in dialysis patients than in the
general population [9, 11, 12]. The main finding of our study was that hemodialysis patients had
a 1.5-fold increased bleeding risk compared with peritoneal dialysis patients after adjustment for
confounders. In addition, hemodialysis patients had highly increased bleeding risks when they
used antithrombotic drugs or had a history of bleeding, which resulted in low numbers needed
to treat (27 and 10, respectively). The importance of previous bleeding in increasing the risk of
new bleeding events is consistent with previous studies, which showed that this was the most
important risk factor [3, 24].

This is the first prospective study comparing the bleeding risk of hemodialysis and peritoneal
dialysis patients taking into account all bleeding events. So far the bleeding risk has only been
investigated in an American and Taiwanese cohort, which also showed an increased bleeding risk
for hemodialysis patients compared with peritoneal dialysis patients [15-18]. However, unlike our
study, the studies in these cohorts all focused on a single bleeding source, namely gastrointestinal
or subdural. In the American cohort described by Wasse et al., 698 upper gastrointestinal
bleeding cases among dialysis patients were investigated. The adjusted relative risk (RR) for a
first upper gastrointestinal bleeding was non-significantly lower for peritoneal dialysis patients
compared with hemodialysis patients (RR 0.88, 95% CI 0.72 - 1.07) [16]. In the Taiwanese cohort,
three retrospective studies were conducted [15, 17, 18]. First, the study of Wang et al. described
subdural hematomas among 10136 hemodialysis and 10136 peritoneal dialysis patients [15]. The
adjusted HR of a subdural hematoma was significantly higher for hemodialysis patients compared
with peritoneal dialysis patients (HR 1.62, 95% CI 1.17 - 2.33). Secondly, the study of Lee et al.
described gastrointestinal bleeding events combined with diverticula among 8955 hemodialysis
and 1791 peritoneal dialysis patients [17]. With 1417 events (1274 in hemodialysis, 143 in peritoneal
dialysis patients), the risk was significantly lower in peritoneal dialysis patients compared with
hemodialysis patients (HR 0.78, 95% CI 0.64 - 0.96). Finally, the study of Huang et al. described
peptic ulcer bleeding events among 2328 hemodialysis and 2239 peritoneal dialysis patients [18].
The adjusted risk for peptic ulcer bleeding, compared with a control group of patients without
kidney disease, was lower for peritoneal dialysis patients (HR 3.71, 95% CI 2.00 - 6.87) than for
hemodialysis patients (HR 11.96, 95% CI 7.04 - 20.31) [18].

A possible explanation for the increased bleeding risk of hemodialysis patients could be the use

of low molecular weight heparin during hemodialysis sessions, which is necessary to prevent
clottingin the extracorporeal system [25, 26]. Especially, the combination of high heparin dosages
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during hemodialysis sessions and vitamin K antagonist use could have led to an increased
bleeding risk. There is a recent debate whether the benefit (i.e. stroke reduction) of vitamin
K antagonists in hemodialysis patients outweighs the bleeding risk [27]. In peritoneal dialysis
patients, the stroke and bleeding risks associated with vitamin K antagonists could be different.
A previous study showed that warfarin reduced the incidence of stroke without increasing the
risk of intracranial hemorrhage in peritoneal dialysis patients [28]. Also, the increased bleeding
riskin hemodialysis patients could result from intermittent puncture with needles of the vascular
access. Unfortunately, data regarding the bleeding risk specifically related to the vascular access
were lacking in our study. Another explanation for the increased bleeding risk of hemodialysis
patients could be that those patients are less vital than peritoneal dialysis patients. Although we
have adjusted for many confounders, residual confounding could not be excluded.

To our knowledge, this is the first large prospective cohort study comparing overall bleeding
risk of hemodialysis and peritoneal dialysis patients. While prior studies primarily focused on
gastrointestinal bleeding sources, our study also incorporated non-gastrointestinal bleeding
sources in all dialysis patients. Furthermore, the accuracy of the recorded data is high, since
nurses and nephrologists who treated these dialysis patients have recorded the bleeding
events. Our study has several limitations. First, data were collected between 1997 and 2013, a
period when strategies regarding the use of antithrombotic drugs differed from current practice.
However, we believe that the results are still relevant for dialysis patients nowadays. Secondly,
bleeding was defined as death due to bleeding or bleeding requiring hospitalization, but was
not validated or defined by the bleeding criteria of the International Society on Thrombosis
and Hemostasis [29]. However, we think that our definition of bleeding incorporates important
clinical endpoints. Thirdly, data about the presence of atrial fibrillation or the use of heparin was
missing. Another limitation of our study is the possibility of detection bias. Bleeding could be
more often detected in hemodialysis patients than in peritoneal dialysis patients, since most
hemodialysis patients visit a dialysis center three times a week and therefore have more contact
with healthcare professionals. However, we think that the detection bias is limited, since we
used bleeding requiring hospitalization as outcome. In case of such a major bleeding, we believe
that peritoneal dialysis patients will also seek contact with healthcare professionals. Finally, it
could theoretically be possible that confounding by indication occurred, since patients were not
randomized between hemodialysis or peritoneal dialysis. Although the bleeding risk is usually not
taken into account when choosing a dialysis modality, we have corrected for multiple confounders
in our analysis. Since randomized controlled trials comparing bleeding rates of hemodialysis and
peritoneal dialysis patients will probably never be conducted, clinicians should make decisions
together with their patients based on observational studies.
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In conclusion, hemodialysis patients have a 1.5-fold increased bleeding risk compared with
peritoneal dialysis patients. An important subgroup is patients with previous bleeding problems.
These patients may have an even higher bleeding risk with hemodialysis. End-stage kidney disease
patients should receive information about all treatments and subsequently make shared decisions
with their nephrologist [30]. Ideally, the bleeding risk for a patient with a specific (bleeding) history
could be incorporated in this decision since bleeding can potentially lead to hospitalization or
death.
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Abstract

Background Dialysis is associated with frequent hospitalizations. Studies comparing
hospitalizations between peritoneal dialysis (PD) and hemodialysis (HD) report conflicting results
and mostly analyse data of patients that remain on their initial dialysis modality. This cohort
study compares hospitalizations between PD and HD patients taking into account transitions
between modalities.

Methods The Dutch nOcturnal and hoME dialysis Study To Improve Clinical Outcomes collected
hospitalization data of patients who started dialysis between 2012 and 2017. Primary outcome
was hospitalization rate, analysed with a multi-state model that attributed each hospitalization
to the current dialysis modality.

Results In total, 695 patients (252 PD, 443 HD) treated in 31 Dutch hospitals were included. The
crude hospitalization rate for PD was 2.3 (+5.0) and for HD 1.4 (+3.2) hospitalizations per patient-
year. The adjusted hazard ratio for hospitalization rate was 1.1 (95%CI 1.02-1.3) for PD compared
with HD. The risk for first hospitalization was 1.3 times (95%Cl 1.1-1.6) higher for PD compared
with HD during the first year after dialysis initiation. The number of hospitalizations and number
of hospital days per patient-year were significantly higher for PD. The most common causes of
PD and HD hospitalizations were peritonitis (23%) and vascular access-related problems (33%).

Conclusion PD was associated with higher hospitalization rate, higher risk for first hospitalization,
and higher number of hospitalizations compared with HD. Since the PD hospitalizations were
mainly caused by peritonitis, more attention to infection prevention is necessary for reducing
the number of hospitalizations in the future.
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Introduction

Dialysis treatment for end-stage kidney disease (ESKD) is associated with high morbidity,
frequently resulting in hospitalization [1-4]. The hospitalization rate of dialysis patients varies
between 1.2 - 1.7 per patient-year, compared to 0.8 per patient-year for patients with a kidney
transplant [2, 5]. Dialysis patients also have a higher risk of readmission, with a hazard ratio of 1.8
for readmission within one year compared to a control group of patients without kidney disease
[2,6]. Infections and cardiovascular diseases are the leading causes for hospitalization in dialysis
patients 2,7, 8].

Hospitalization is an indirect measure of morbidity in dialysis patients, as well as a risk factor for
mortality [6, 9]. Also, hospitalization negatively affects the quality of life and increases the costs
of dialysis [7, 10, 11]. Hospitalization costs are one of the most expensive elements of dialysis
treatment [10-12]. Therefore, prevention of hospitalization of dialysis patients is of utmost

importance.

Differences in hospitalization between peritoneal dialysis (PD) and hemodialysis (HD) patients have
been the subject of previous studies. However, there are several problems with these studies. First,
they report conflicting results with studies describing an equal number and duration of hospital
admissions for PD patients compared to HD patients [13-16], while other studies conclude that
PD patients are more likely to be hospitalised [3, 5, 17-21]. Second, most studies do not take into
account the time on dialysis, which also seems to affect hospitalization rates. The hospitalization
rate for HD patients is highest during their first year of dialysis with a decrease thereafter, while
PD patients experience an increase in hospitalization rate as their dialysis duration progresses,
according to the 2018 report from the United States Renal Data System (USRDS) [2]. Finally, and
mostimportantly, most studies only analyse data from patients who remain on their initial dialysis
modality or do not take transitions between dialysis modalities into account [3, 13-15, 18, 19, 21].
However, a transition from one dialysis modality to another, for example from PD to HD, occurs
frequently in daily practice. Analysing only the data of patients who continue their original dialysis
modality introduces selection bias in the results reported. Therefore, the aim of this study was to
compare hospitalizations between incident PD and HD patients taking into account transitions
between dialysis modalities and time on dialysis.
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Methods

Study population

The Dutch nOcturnal and hoME dialysis Study To Improve Clinical Outcomes (DOMESTICO)
is a multi-center cohort study among dialysis patients in the Netherlands. For this analysis,
retrospectively collected hospitalization data from a cohort of patients from 31 hospitals were
used. Eligible patients were adults (> 18 years) who started dialysis treatment (i.e. PD or HD)
between 1 January 2012 and 1 January 2017 with a minimum dialysis treatment duration of 3
months. Patients were allowed to have had previous kidney replacement therapy in the form
of (dialysis followed by) kidney transplantation. Follow-up of patients was conducted until after
kidney transplantation, a patient’s wish to stop dialysis, death, or the end of the study period on
1 January 2017. The study was approved by local medical ethics committees of the participating
dialysis centers. Reporting of the study conforms to broad EQUATOR guidelines [22].

Baseline characteristics

Baseline characteristics were collected at dialysis initiation. For the baseline data, patients were
grouped according to their dialysis modality (i.e. PD or HD) at 3 months after dialysis initiation.
Primary kidney disease was classified according to the European Renal Association - European
Dialysis and Transplant Association (ERA-EDTA) codes and categorised into: glomerulonephritis/
pyelonephritis, cystic kidney disease, renovascular kidney disease, diabetes mellitus, and other/
unknown [23]. Comorbidities were classified according to both the Charlson Comorbidity Index
(CCI) and the Davies score [24, 25]. Kidney replacement therapy vintage and dialysis vintage
were presented as the months that patients received kidney replacement therapy (i.e. kidney
transplantation and dialysis combined) or dialysis alone in the past. Residual glomerular filtration
rate was calculated as the creatinine clearance (ml/min), using creatinine measurementsin blood
and 24 h urine collections. Patients were indicated as acute starters if they had never been under
outpatient monitoring by a nephrologist prior to initiation of dialysis.

Hospitalization

Hospitalization was defined as a hospital admission with a minimum duration of 24 h. The
start and end dates of each hospitalization were recorded along with the reason using ICD-10
codes [26]. The primary outcome was hospitalization rate, which was defined as the number of
hospitalizations per patient-year. Patient-years were defined as the number of years a patient
performed a dialysis modality within the study period.

Secondary outcomes were risk for first hospitalization, total number of hospitalizations per
patient, number of hospital days per patient-year and causes of hospitalization. Causes of
hospitalization were grouped into the following categories: access-related (including vascular
access infection, fistula operation and PD catheter leakage, exchange or removal), peritonitis,
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fluid overload, cardiac disease (including myocardial ischaemia or infarction, cardiac arrest or
arrhythmia, cardiac failure and haemorrhagic pericarditis), vascular disease (including pulmonary
embolus, stroke, cerebrovascular haemorrhage, ruptured vascular aneurysm, mesenteric
infarction and peripheral vascular disease), non-dialysis related infection, gastrointestinal disease
(excluding PD peritonitis), malignancy, transplantation and other/unknown.

Statistical analysis

Baseline characteristics were presented as mean with standard deviation (SD), median with
interquartile range (IQR) or as number with percentages. Groups were compared with a chi-square
test, an independent samples t-test or Mann-Whitney U test, where appropriate.

Since patients can transition between dialysis modalities over time (i.e. PD patients transition to HD or
HD patients transition to PD), all analyses were performed with models that allow for such transitions.
Hospitalization rate was analysed with a multi-state model with recurrent events, which attributed
every hospitalization to the dialysis modality the patient performed at the time of admission. Patients
who died were censored. The results of this model are presented with hazard ratios (HR).

The risk for first hospitalization was analysed with a Cox regression model with dialysis modality
astime varying covariate. The proportional hazards assumption was tested, and if it was violated,
data were presented for two different time periods. Number of hospitalizations and number of
hospital days per patient-year were analysed with negative binomial regression. The last two
outcomes were analysed in a multilevel model, in which dialysis modality was the first level and
the patient the second level. This analysis thus corrected for the dependency of both dialysis
modalities within the same patient.

All analyses were adjusted for potential confounders. In the first model, adjustments were made
for age and sex, in a second model, data were also adjusted for CCl, dialysis vintage and acute
start of dialysis. Statistical analyses were conducted with IBM SPSS Statistics version 25 and R
version 3.6.1.

Results

Baseline characteristics

The study cohort consisted of 695 dialysis patients, of whom 252 (36%) were receiving PD and
443 (64%) HD at 3 months after dialysis initiation. Baseline characteristics are presented in Table
1. Mean age was 63.0 (+ 15.3) years for both groups, and the majority of patients were male. The
comorbidity scores were similar between PD and HD patients. PD patients had a dialysis vintage
of 16 months [IQR 9 - 41], whereas HD patients had a significantly longer dialysis vintage of 39
months [IQR 19 - 64]. PD patients less often had a previous kidney transplant compared to HD
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patients, 10% and 25%, respectively (p<.001). Only 4% of the PD patients had an acute start of

dialysis, whereas 20% of HD patients did (p<.001). Just over half of the patients performed PD

themselves; the rest were assisted by a nurse or other caregiver at home.

Table 1. Baseline characteristics according to dialysis modality at 3 months

Age (yr), mean + SD
Sex (male), n (%)
Ethnic background, n (%)
Caucasian
Other
Unknown
Primary kidney disease, n (%)
Glomerulonephritis/pyelonephritis
Cystic kidney disease
Renovascular kidney disease
Diabetes mellitus
Other/unknown
BMI (kg/m?), mean + SD
Smoking, n (%)
Yes
Quit
Unknown
CCl score, n (%)?
2
3-4
>5
Davies score, n (%)
0
1-2
>3
KRT vintage (months), median [IQR]®
Dialysis vintage (months), median [IQR]
Previous transplant, n (%)
Residual GFR (ml/min), median [IQR]
Residual diuresis (ml/day), mean + SD
Acute start of dialysis, n (%)

63.0+£15.3
418 (60)

395 (57)
123(18)
177 (25)

141 (20)
38(6)
193 (28)
119(17)
204 (29)
26.8+5.5

117 (17)
172 (25)
103 (15)

208 (30)
281 (41)
204 (29)

182 (26)

370 (53)

141 (20)

150 [64-212]
35[15-58]
138 (20)
7.8[4.6-11.6]
1459 + 841
98 (14)

63.1+£14.9
160 (64)

149 (59)

84 (33)
97 (39)
71(28)

77(31)

125 (50)

50 (20)

138 [44-181]
16 [9-41]

26 (10)
9.5[6.7-12.9]
1708 + 743
11 (4)

62.9+15.6
258 (58)

246 (56)
93 (21)
104 (23)

102 (23)
19(4)
122 (298)
70 (16)
130 (29)
26.9+6.0

75 (17)
105 (24)
67 (15)

124 (28)
184 (42)
133(30)

105 (24)

245 (56)

91 (21)

154 [69-230]
39 [19-64]
112 (25)
6.6[3.3-10.4]
1317 + 862
87 (20)

PD= peritoneal dialysis; HD=hemodialysis; SD=standard deviation; CCI= Charlson comorbidity index;
KRT=kidney replacement therapy; IQR=interquartile range; GFR= glomerular filtration rate.

a. By definition, dialysis patients have a minimum CCl score of 2.

b. KRT vintage was only calculated for the 159 patients (23%) who received previous kidney replacement
therapy: 33 PD patients (13%) and 126 HD patients (28%)
c. Previous dialysis treatment was only calculated for the 148 patients (21%) who received dialysis before

inclusion: 30 PD patients (12%) and 118 HD patients (27%)
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Dialysis treatment and follow-up

The median dialysis duration for the entire study cohort was 22.0 months [IQR 11.1 - 36.4]. PD
patients had a shorter dialysis duration [19.1 months, IQR 10.4 - 30.5] than HD patients [23.6
months, IQR 11.7 - 38.6] (p=.001). Patients transitioned more often from PD to HD (33%) than
from HD to PD (11%) (p<.001).

Table 2. Comparison of hospitalization rate (hospitalizations per patient-year) and risk for first hospitalization

Dialysis modality Crude Adjusted* Adjusted**

HR (95% CI) HR (95% CI) HR (95% CI)
Hospitalizations per patient-year
PDvs HD 1.1 (1.03-1.3) 1.1 (1.02-1.3) 1.1 (1.02-1.3)
Risk for first hospitalization during first year after dialysis initiation
PDvs HD 1.3 (1.1-1.6) 1.3 (1.1-1.6) 1.3 (1.1-1.6)
Risk for first hospitalization = 1 year after dialysis initiation
PDvs HD 1.8 (1.4-2.5) 1.8 (1.4-2.5) 1.9 (1.4-2.5)

HR=hazard ratio; PD= peritoneal dialysis; HD="hemodialysis.

The hospitalization rate was calculated with a multi-state model with recurrent events, which attributed
every hospitalization to the dialysis modality the patient performed at the time of admission.

The risk for first hospitalization was analysed with a Cox regression model with dialysis modality as time-
varying covariate.

* Adjusted for age and sex.

** Adjusted for age, sex, Charlson Comorbidity Index, dialysis vintage, and acute start of dialysis.

Hospitalization rate

Atotal of 521 hospitalizations took place during PD, while 959 hospitalizations took place during
HD. The crude hospitalization rate for PD was 2.3 (+ 5.0) hospitalizations per patient-year and
for HD 1.4 (+ 3.2) hospitalizations per patient-year. Using a multi-state model, the adjusted HR
for hospitalization rate was 1.1 (95% confidence interval (Cl) 1.02 - 1.3) for PD compared to HD
patients (Table 2).

127



Chapter6

Figure 1. Risk for first hospitalization for PD and HD patients
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PD= peritoneal dialysis; HD="hemodialysis.

Estimated cumulative incidence curves for first hospitalization for PD and HD patients derived from a multi-
state Cox regression model. Model is adjusted for age, sex, Charlson Comorbidity Index, dialysis vintage, and
acute start of dialysis.

Risk for first hospitalization, number of hospitalizations and number of hospital days per
patient-year

Figure 1 shows the estimated cumulative incidence curves for the first hospitalization for PD and
HD patients according to the Cox regression model. The model was adjusted for age, sex, CCl,
dialysis vintage and acute start of dialysis.

Because the proportional hazards assumption was violated, HRs for risk for first hospitalization
were calculated separately for the first year after dialysis initiation and for the period thereafter,
conditional on having survived the first year. The adjusted HR for risk for first hospitalization during
the first year was 1.3 (95% ClI 1.1 - 1.6) for PD versus HD. For the period thereafter, the adjusted
HRwas 1.9 (95% Cl 1.4 - 2.5) (Table 2).

The number of PD hospitalizations, corrected for the total PD duration, was significantly higher
than the number of HD hospitalizations, corrected for the total HD duration (crude incidence rate
ratio of PD relative to HD 1.3; 95% CI 1.1 - 1.6). Additional adjustments for age, sex, CCl, dialysis
vintage and acute start of dialysis resulted in a furtherincrease in incidence rate ratio to 1.7 (95%
Cl1.2-2.3) (Table 3).
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The crude median number of hospital days per patient-year was 4.2 for PD patients [IQR 0 - 15.3]
and 0.8 for HD patients [IQR 0 - 10.8]. The adjusted incidence rate ratio for number of hospital
days per patient-year was 1.5 (95% ClI 1.2 - 2.1) for PD compared to HD (Table 3).

Table 3. Comparison of number of hospitalizations and number of hospital days per patient-year

Number of hospitalizations

PD/HD 1.3 (1.1-1.6) 17 (1.3-2.3) 1.7 (1.2-2.3)
Number of hospital days per patient-year
PD/HD 1.6 (1.2-2.1) 1.6 (1.2-2.1) 1.5 (1.2-2.1)

IRR=incidence rate ratio of PD relative to HD; PD= peritoneal dialysis; HD="hemodialysis.
* Adjusted for age and sex.
** Adjusted for age, sex, Charlson Comorbidity Index, dialysis vintage and acute start of dialysis.

Causes

Causes of hospitalizations are presented in Table 4. The main cause for hospitalizations during
PD treatment was peritonitis (23%), while the second most common cause were non-dialysis
related infections (15%). The main cause for hospitalization during HD treatment was a vascular
access-related reason (33%), such as a fistula operation or a dialysis access infection. The second
most common cause for hospitalization during HD treatment were non-dialysis related infections
(18%). For both PD and HD, hospitalizations for fluid overload were rare (2% - 3%).

Table 4. Causes of hospitalizations

Access-related?® 69 (13) 317 (33)
Peritonitis 117 (23) N/A
Fluid overload 14 (3) 22(2)
Cardiac disease® 57 (11) 87(9)
Vascular disease* 28 (5) 50 (5)
Infection? 79 (15) 170 (18)
Gastrointestinal disease 46 (9) 94 (10)
Malignancy 9(2) 25 (3)
Transplantation 13(2) 25(2)
Other /unknown 89 (17) 169 (18)

Data are presented as n (%). PD= peritoneal dialysis; HD= hemodialysis; N/A= not applicable.

a. Access-related includes vascular access infection, fistula operation and PD catheter leakage/exchange/
removal.

b. Cardiac disease includes myocardial ischaemia/infarction, cardiac arrest/arrhythmia, cardiac failure,
haemorrhagic pericarditis.

c. Vascular disease includes pulmonary embolus, stroke, cerebrovascular haemorrhage, ruptured vascular
aneurysm, mesenteric infarction and peripheral arterial disease.

d. Non-dialysis related infections.
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Discussion

In this retrospective cohort study among 695 dialysis patients, PD treatment was associated
with a higher hospitalization rate, a higher risk for first hospitalization, a higher number of
hospitalizations and a higher number of hospital days per patient-year compared to HD treatment,
when hospitalizations were attributed to the dialysis modality the patient was receiving upon
admission. In addition, PD hospitalizations were mainly caused by peritonitis, while vascular
access-related reasons were the main causes for HD hospitalizations.

A higher PD hospitalization rate compared to HD is found in several other studies. Banshodani et
al. retrospectively showed that emergency hospitalization rates for cardiovascular diseases and
infectious diseases were significantly higher for 130 PD patients compared to 130 HD patients,
with HRs 0f 2.70 (95% CI 1.53 - 4.77) and 4.16 (95% Cl 2.59 - 6.68), respectively [3, 21]. Lafrance et al.
alsoretrospectively showed that infection-related hospitalization rates were significantly higher
for PD patients compared to HD patients (HR 1.52, 95% CI 1.38 - 1.68) [18]. Besides the fact that
Banshodani et al. had a smaller study population than our study and Lafrance et al. investigated
younger patients (HD 58.5 + 16.4 years and PD 58.8 + 14.5 years) during the period 2001 to 2007,
both studies did not take transitions in dialysis modality into account. Banshodani et al. censored
all patients who changed dialysis modality, and Lafrance et al. attributed all hospitalizations of
patients according to their dialysis modality at 90 days [3, 18, 21]. These studies defined patients
according to a single dialysis modality, which does not do justice to daily practice at all.

Thatitisimportant to take transitions from and to different dialysis modalities into accountis also
shown in a study by Murphy et al. [17]. In their prospective Canadian cohort, they showed that
PD patients had a lower hospitalization rate (defined as the total number of hospitalization days
relative to the survival of the patient) compared to HD patients (rate ratio 0.85, 95% Cl 0.82 - 0.87)
when hospitalizations were attributed to the dialysis modality at baseline, while they had a higher
hospitalization rate (rate ratio 1.31, 95% Cl 1.27 - 1.34) when hospitalizations were attributed
to the dialysis modality at 3 months [17]. In addition, Murphy et al. performed an analysis in
which hospitalizations were attributed to the dialysis modality the patient was receiving upon
admission, which showed that PD treatment was associated with a higher hospitalization rate
than HD treatment, with a rate ratio of 1.10 (95% ClI 1.07 - 1.13) [17]. This study advocated the
use of treatment-received analyses in comparing hospitalization rates, which we did, instead of
intention-to-treat analyses. However, our study defined hospitalization rate as the number of
hospitalizations per patient-year, which is much more commonly used in studies, also investigated
the risk for first hospitalization and described a more recent study population.

In two Canadian cohorts, Quinn et al. and Oliver et al. used the number of hospitalization days
per patient year for calculating their hospitalization rates. In their analyses with dialysis as time-
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varying covariate, they showed equal hospitalization rates for PD compared with (in-center) HD
(Quinn et al.: rate ratio 1.28,95% Cl 0.63 - 2.61. Oliver et al.: rate ratio 0.93, 95% CI 0.51 - 1.71) [8,
16]. However, besides the fact that they used a different measure for hospitalization rate, which
makes comparison with our study difficult, they did not investigate the risk for first hospitalization,
and Oliver et al. only investigated patients on assisted PD. Several other studies showed that
hospitalization rates of PD and HD patients are equal [13-15, 19, 27]. However, these studies
performed an intention-to-treat analysis by attributing hospitalizations of patients to their initial
dialysis modality, which is not a valid analysis for the present research question, as argued above.

In our study, the main cause of PD hospitalizations was peritonitis, while HD hospitalizations were
mainly vascular access-related. Also in a Japanese survey among 89,748 patients, these were
most common causes for PD and in-center HD hospitalizations [20]. Several other studies have
identified infections and specifically peritonitis as an important cause for PD hospitalizations
[16, 18,21, 28].

Apparently, PD patients have a higher risk for hospitalization than HD patients. This could be
attributed to the dialysis modality per se, or could be the result of circumstantial factors. A
possible explanation could be that the threshold for hospitalization is lower for PD than for HD
patients. In-center HD patients frequently visit the hospital for dialysis, in most cases at least three
times a week for four hours. If, for example, they develop an infection, assessment and (start of)
antibiotic treatment can easily be performed during the dialysis session in hospital. Moreover,
the effect of the antibiotic treatment can be evaluated during the next scheduled dialysis session
and adapted based on culture results. On the contrary, PD patients are treated at home and visit
the hospital much less frequently. If they develop an infection, they must visit the hospital for
evaluation. In addition, they have to attend the hospital again for evaluation of the treatment
effect. It is conceivable that this need for frequent hospital visits could lead to a lower threshold
for hospitalization in PD patients. Finally, we cannot exclude residual confounding as possible or
additional explanation for finding a higher hospitalization risk in PD compared with HD.

To our knowledge, this is the first European study to describe several important hospitalization
outcomes of PD and HD, taking into account transitions between dialysis modalities and thus
properly showing the risk for hospitalization of the different dialysis modalities. Almost one-fifth
of our population changed dialysis modality, underscoring that a model allowing this is superior
to models evaluating hospitalizations on an intention-to-treat basis. Besides the fact that we
used a multi-state modelin a relatively large cohort of patients, we also describe a recent dialysis
population, which is relevant because the composition of the dialysis population has changed in
previous years, for example with respect to age [29, 30]. However, our study has some limitations.
First, all types of admissions with a minimum duration of 24 h were analysed, possibly including
admissions for PD training and vascular access procedures. Consequently, both PD and HD
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admissions might be overrated. Second, no center correction has been conducted, while the
decision to admit a patient might differ between centers. Third, it should be noted that a very
small number of HD patients were treated with home HD (n=45) and hospitalizations during this
treatment (n=57) were counted among HD hospitalizations, which may have affected the results.
Finally, the model we used, which allows transitions between dialysis modalities over time, was
not compatible with competing risk regression models, whereas death should be considered a
competing event. However, in our population, only 17 patients died without being hospitalised,
while 140 patients died during or after at least one hospitalization. Thus, we do not think that
accounting for competing risks would have altered our results.

In conclusion, our study shows that, when hospitalizations are attributed to the type of dialysis
treatment upon admission, PD is associated with a higher hospitalization rate, a higher risk for
first hospitalization, a higher number of hospitalizations and a higher number of hospital days per
patient-year compared with HD. Since the PD hospitalizations were mainly caused by peritonitis,
more attention to infection prevention is necessary for reducing the number of hospitalizations
in the future.
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Abstract

Background Technique survival is a core outcome for peritoneal dialysis (PD), according to SONG-
PD. This study aimed to identify modifiable causes and risk factors of technique failure in a large
Dutch cohort using standardized definitions.

Methods Patients who participated in the retrospective DOMESTICO cohort study and started PD
between 2012 and 2016 were included, and followed until January 1°¢2017. The primary outcome
was technique failure, defined as transfer to in-center hemodialysis for = 30 days or death. Death-
censored technique failure was analyzed as secondary outcome. Cox regression models and
competing risk models were used to assess the association between potential risk factors and
technique failure.

Results A total of 695 patients were included, of whom 318 experienced technique failure during
follow-up. Technique failure rate in the first year was 29%, while the death-censored technique
failure rate was 23%. Infections were the most common modifiable cause for technique failure,
accounting for 20% of all causes during the entire follow-up. Leakage and catheter problems were
important causes within the first six months of PD treatment (both accounting for 15%). APD use
was associated with a lower risk of technique failure (HR 0.66, 95% CI 0.53 - 0.83).

Conclusion Infections, leakage, and catheter problems were important modifiable causes for

technique failure. As the first-year death-censored technique failure rate remains high, future
studies should focus on infection prevention and catheter access to improve technique survival.
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Introduction

Peritoneal dialysis (PD) is an established treatment for kidney failure, offering patients more
flexibility and independence compared to in-center hemodialysis [1, 2]. Improving the technique
survival of PD, i.e. preventing technique failure, remains a challenge despite advances in technique
survival over the past decades [3-5]. In fact, technique survival was chosen as one of the five core
outcomes for PD according to the Standardized Outcomes in Nephrology-Peritoneal Dialysis
(SONG-PD) study [6].

Identifying modifiable causes and risk factors of technique failure could contribute to develop
strategies to improve PD technique survival. Previous research has identified causes and risk
factors of technique failure during the first months of PD treatment [7-9]. Although technique
failure after the first months of PD treatment is also relevant for the loss of prevalent PD patients,
few studies have explored the various causes over an extended period of PD treatment [10-12].

Moreover, comparing previous research on technique failure is hampered by the lack of standard
definitions [8]. Technique failure is defined differently in almost every other study, especially
in handling death as a cause of technique failure. Lan et al. therefore advocated the use of a
standardized definition of technique failure, including both transfer to in-center hemodialysis
(CHD) and death [13]. Few studies to date have used this standardized definition [3, 7.

In addition, the characteristics of PD patients have changed over time and studies on technique
failurein the current PD population are scarce. Therefore, this study aims to investigate the causes,
risk factors, and center variation of PD technique failure in a recent Dutch cohort, all according
to the standardized definitions.

Methods

Study design and research population

Patients were enrolled from the retrospective Dutch nOcturnal and hoME dialysis Study To
Improve Clinical Outcomes (DOMESTICO), a multi-center cohort study in the Netherlands. In this
study, 33 centers included PD patients, representing nearly two thirds of all dialysis centers in
the Netherlands. Eligible patients were adults who started PD between 1 January 2012 and 1
January 2017, and had a minimum PD treatment duration of 14 days. Patients who were previously
treated with dialysis or kidney transplantation were also included. Patients who stopped dialysis
or died within 30 days after dialysis initiation were excluded. Patients were followed until kidney
transplantation, wish to stop dialysis, death or end of study period on 1 January 2017. Local
medical ethics committees of all participating dialysis centers approved the study. Reporting of
the study conforms to broad STROBE guidelines [14].
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Definition of PD technique failure

The primary outcome of this study was PD technique failure, defined as a transfer to CHD for>30
days, death on PD or death within 30 days after transfer to CHD, in accordance with the previously
proposed standardized definition [13]. In patients with multiple episodes of technique failure, only
the first episode of technique failure was analyzed. The following causes for technique failure were
collected from the electronic patient charts: PD-related infections consisting of PD peritonitis
and exit-site infections, catheter-related problems, clearance or ultrafiltration (UF) problems,
peritoneal leakage, psychosocial problems, risk for or diagnosis of encapsulating peritoneal
sclerosis (EPS), another reason, stop dialysis, and death [15].

In addition, patients were stratified into an early and a late technique failure group. Early
technique failure was defined as technique failure during the first 6 months after start of PD, and
late technique failure was defined as technique failure that occurred more than 6 months after
startof PD [8, 9, 16].

Secondary outcomes were death-censored technique failure, death and permanent technique
failure, the latter was defined as a transfer to CHD for> 180 days, death on PD or death within 180
days after transfer to CHD [13].

Covariates

Demographic, clinical, and dialysis-related data at dialysis initiation were collected from electronic
patient charts. These included age, sex, ethnic background, employment status, smoking, body
mass index (BMI), primary kidney disease, comorbid conditions, dialysis vintage, and kidney
transplant history. PD modality, i.e. continuous ambulatory PD (CAPD) or automated PD (APD), was
defined as the modality the patient used most of the time during follow-up. BMI was divided into
three groups according to the WHO classification: BMI <25 kg/m?, BMI 25 - 30 kg/m? (overweight),
and BMI 230 (obese). Comorbid conditions were scored into three groups according to the
Charlson Comorbidity Index (CCl): low (2 points, since patients with kidney failure by definition
already have 2 points), intermediate (3-4 points), and severe comorbidity (=5 points) [17]. Causes
of death, coded according to the ERA-EDTA coding system, were retrieved from the Dutch renal
registry (RENINE) [18]. For each participating center PD volume was calculated from data provided
by RENINE, as mean annual number of prevalent patients, and divided into tertiles [19]. Variation
in practice patterns were collected with an additional questionnaire that was send to the local
investigators of the participating centers.

Statistical analysis

Baseline characteristics were expressed as number with percentages for categorical variables
and as mean with standard deviation (SD) or median with interquartile range (IQR) for
continuous variables. Incidence of all-cause technique failure was presented as a Kaplan Meier
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curve. Cumulative incidence curves of cause-specific technique failure were calculated using a
competing risk model [20]. Causes of early and late technique failure were shown as percentages.

To investigate the association between possible risk factors and technique failure, a cox regression
model was conducted. This model was censored for kidney transplantation. BMI and PD modality
were selected as potentially modifiable patient-specific-risk factors according to literature [3,
7,9, 12, 16]. Each potentially modifiable-risk factor was adjusted for plausible predetermined
confounders (age, sex, employment status, BMI, CCl, and center PD volume). The proportional
hazard assumption was verified in the unadjusted models on the basis of Schoenfeld residuals and
Kaplan Meier graphs. Several sensitivity analyses were conducted. First, a competing risk model
was used to investigate the association between possible risk factors and technique failure in
the presence of a competing event [20]. In such a model, a participant with the competing event
(i.e. kidney transplantation) remains in the analysis. This model was also used to investigate
the association between possible risk factors and death-censored technique failure, in which
both kidney transplantation and death were competing events. Second, hypothesizing that PD
modality at PD cessation might be different from PD modality used most of the time and be related
to technique failure, in patients with technique failure the PD modality at PD cessation was used.

Finally, a funnel plot was constructed to evaluate the early technique failure rate of the participating
centers, adjusted for age and sex. This is a graphical method to evaluate center performance with
a reference standard, i.e. the overall early technique failure rate, and an indication of precision
through control limits based on sample sizes [21, 22]. The early technique failure rate was chosen,
because especially early failure is associated with catheter-related problems and thus possible
modifiable causes [8].

Missing confounders (maximum of 25% missing for BMI and CCl) were imputed using standard
multiple imputation techniques in SPSS (10 repetitions and predictive mean matching). All
analyses were performed using SPSS Statistics version 26 (IBM) or STATA 14 (StataCorp LP, College
Station, TX). A p-value of < 0.05 was considered statistically significant.
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Results
A total of 708 adult patients started PD treatment between 2012 and 2016 in the participating
centers, of whom 13 patients were excluded since they had a total PD duration of less than 14

days. The study population thus consisted of 695 patients (See Flow diagram, Figure 1).

Figure 1. Flow chart of the patients included in the study

Potentially eligible
(n=2885)

Excluded

Patient record missing (n= 54)
Patient record inaccesible (n=136)

Examined for eligibility

(n=710)
Excluded
> < 18 years [n=2)
PD duration <14 days (n=13)
Included
(n=695)

Baseline characteristics are presented in Table 1. Mean age at dialysis initiation was 62.9 + 15.1
years and 27% of patients had a high CCl score indicating severe comorbidity. A history of previous
dialysis was presentin 15% of patients. APD was the predominantly used PD modality in 29% of
patients with early technique failure and 53% of patients with late technique failure, reflecting
common practice in the Netherlands to start PD therapy with CAPD. The median PD follow-up
time for all patients was 13 months [IQR 6 - 22.2 months], with a minimum of 0 and a maximum

of 59 months.
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Table 1. Baseline characteristics of 695 patients treated with peritoneal dialysis

Age (yr), mean + SD 62.9+15.1 64.8+14.8 61.4+15.1 0.003
Sex (male), n (%) 447 (64) 210 (66) 237 (63) NS
Ethnic background, n (%) NS
Caucasian 422 (61) 191 (60) 231(61)
Moroccan/Turkish 22 (3) 11 (4) 11(3)
Asian 39 (6) 15(5) 24 (6)
Black 23(3) 9(3) 14 (4)
Other/unknown 189 (27) 92 (29) 97 (26)
Primary kidney disease, n (%) NS
Glomerulonephritis 81(12) 32(10) 49 (13)
Polycystic kidney disease 37 (5) 11 (4) 26 (7)
Renovascular kidney disease 210 (30) 112 (35) 98 (26)
Diabetes mellitus 123(18) 58 (18) 65 (17)
Other 183 (26) 84 (27) 99 (26)
Unknown 61(9) 21(7) 40(11)
Employment status, n (%) 167 (28) 61(22) 106 (32) 0.006
Current smoker, n (%) 111 (16) 52 (17) 59 (16) NS
Charlson comorbidity index, n (%) 0.001
2 (low)* 168 (32) 58 (25) 110 (38)
3-4 (intermediate) 212 (41) 95 (41) 117 (40)
5 (severe) 139 (27) 77(33) 62 (21)
BMI (kg/m?), mean + SD 26.4+5.0 26.945.1 26.1+4.9 0.05
BMI, n (%) NS
<25kg/m? 239 (46) 98 (42) 141 (49)
25-30kg/m? 177 (34) 85(36) 92 (32)
>30 kg/m? 107 (20) 51(22) 56 (19)
Diabetes mellitus, n (%) 164 (32) 81 (35) 83(29) NS
Ischemic heart disease, n (%) 146 (28) 80 (35) 66 (23) 0.002
Heart failure, n (%) 69 (13) 38 (17) 31(11) NS
Vascular disease, n (%) 130 (23) 65 (26) 65 (21) NS
History of dialysis at 103 (15) 39(12) 64 (17) NS
dialysis initiation, n (%)
Dialysis vintage (months), 12 [1-36] 12 [4-37] 11[1-33] NS
median [IQR]
History of kidney transplant at 73 (11) 29 (9) 44(12) NS
dialysis initiation, n (%)
Kidney transplant (months), 120 [64-171] 99 [64-171] 135[63-173] NS
median [IQR]
APD, n (%) 350 (50) 146 (46) 204 (54) 0.03

BMI, body mass index; APD, automated peritoneal dialysis; SD, standard deviation; IQR, interquartile range.
Groups are defined according to the 30-day definition of technique failure.
*kidney failure alone represents a Charlson Comorbidity Index of 2 points.
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Incidence of technique failure

A total of 318 patients developed technique failure during the study, of whom 22 patients
experienced a recurrent episode of technique failure. The PD patients experienced a mean of 0.36
episodes of technique failure per person-year of follow-up. The 1- and 2-year technique failure
rates were 29% and 52% respectively (Figure 2A). The median time to technique failure was 1.85
years. Patients with technique failure were older, had higher comorbidity scores, were more likely
to have ischemic heart disease, and were more frequently treated with CAPD (Table 1). A total
of 202 patients developed death-censored technique failure during the study (0.24 episodes of
death-censored technique failure per person-year). The 1- and 2-year death-censored technique
failure rates were 23% and 35% respectively (Figure 2B). The median time to death-censored

technique failure was 3.58 years.

Figure 2. Technique failure, as a composite outcome (with transfer to CHD or death) (A) and as death-
censored technique failure (B)
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Technique failure was defined as a transfer to CHD for = 30 days, death on PD or death within 30 days after
transfer to CHD. First day of receiving CHD was the date assigned as technique failure.

145



Chapter 7

Causes of technique failure

Figure 3 shows that death was the most common cause of technique failure, followed by PD-
related infections (20%). The other causes of technique failure occurred in about 10% or less than
10% of the patients who experienced technique failure. The predominant causes for death were
cardiovascular disease (28%), infections other than PD peritonitis (15%) and malignancies (13%).
None of the deaths were attributable to a PD peritonitis.

Figure 3. Cumulative incidence of different causes for technique failure

Reasons for technique failure in time

——— Death/Stop dialysis

— — — Infection

— Clearance or UF problems
--------- Another reason/Unknown
— — — Fluid leakage

—————— Catheter problems

— — — Psychosocial

Year

Shows the occurrence of different causes for technique failure over time in a population of patients with
technique failure (n=318, 100%). UF, ultrafiltration.

Figure 4 shows the different causes of early (i.e. during the first 6 months after start of PD) and
late (i.e. more than 6 months after start of PD) technique failure. A total of 99 patients developed
early technique failure, and 219 patients developed late technique failure. Catheter-related
problems were the cause of early technique failure in 15% of patients, whereas this was the
cause of late technique failure in only 5% of patients. Similarly, PD fluid leakage was the cause in
15% and 5% respectively. Infections and clearance problems were a major cause of both early
and late technique failure; infections were in 20% of patients the cause of technique failure and
clearance problemsin 11-12% of patients. EPS was a cause of technique failure in less than 1% of
patients. The group of ‘other reasons’ included (temporary) discontinuations of PD due to major
(abdominal) surgery with hospitalization.
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Figure 4. Comparison of causes of early and late technique failure
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Early PD technique failure is defined as occurrence of technique failure in the first 6 months after start of
PD (n=99). Late PD technique failure is defined as occurrence of technique failure more than 6 months after
start of PD (n=219). EPS, encapsulating peritoneal sclerosis.

Risk factors

The patient-specific risk factors sex, age, employment status and BMI were not associated with
technique failure (Table 2). APD compared to CAPD was associated with a reduced risk of technique
failure (adjusted hazard ratio (HR) 0.66 (95% Confidence Interval (Cl) 0.53 - 0.83). The patient-
specific risk factors for death-censored technique failure were similar to those for technique failure
including death in the definition (Supplemental Table S1); only APD was associated with a reduced
risk of death-censored technique failure (adjusted HR 0.60, 95% Cl 0.46 - 0.80). In addition, APD
use was not associated with death as a separate outcome while age was associated with death
(Supplemental Table S2).
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Table 2. Risk factors associated with technique failure in a Cox regression model

Risk factors Crude p-value Adjusted modell p-value Adjusted model2 p-value
HR (95% Cl) HR (95% Cl) HR (95% Cl)
Male sex 1.15(0.91-1.45) 0.24
Age (10-year) 1.05(0.97-1.13) 0.25
Employed 0.80(0.60-1.07) 0.13
CCl
low Reference
intermediate  1.41(1.02-1.96) 0.04
severe 1.81(1.29-2.55) 0.001
PD volume

<15 patients  Reference

15-25 patients 1.05 (0.68 - 1.63) 0.83

>25 patients  0.81(0.53-1.24) 0.33
BMI

<25kg/m? Reference Reference

25-30kg/m? 1.21(0.91-1.62) 0.20 1.17(0.87-1.58) 0.31

>30 kg/m? 1.21(0.86-1.69) 0.28 1.23(0.88-1.71) 0.22
APD (vs CAPD) 0.66(0.53-0.83) <0.001 0.67(0.54-0.84) <0.001 0.66(0.53-0.83) <0.001
Model 1is adjusted for sex and age.
Model 2 is adjusted for sex, age, employment status, BMI, CCl, and center PD volume.
Inthis Cox regression model both pre-selected potentially modifiable risk factors, BMI and PD modality, and
all determinants used for adjustments are shown. HR, hazard ratio; BMI, body massindex; APD, automated
peritoneal dialysis; CAPD, continuous ambulatory peritoneal dialysis; CCI, Charlson Comorbidity index.

The sensitivity analysis in which the association between patient-specific risk factors and
technique failure was investigated with a competing risk model, showed similar results for these
associations as the original analyses (Supplemental Table S3). In a sensitivity analysis using PD
modality at PD cessation, similar results were found (for APD compared to CAPD, adjusted HR
0.60 (95% Cl 0.47 - 0.75)).

Center variation in technique failure

All centers used icodextrin and antibiotic prophylaxis during PD catheter insertion (Supplemental
Table S4). Most centers used neutral pH low glucose degradation products (GDP) solutions (91%)
and exit site antibiotic prophylaxis (79%). The initial antibiotic regimen for peritonitis varied across
centers and antifungal prophylaxis during antibiotic therapy was provided only in 6% of centers.

The center variation in technique failure rate is shown in Supplemental Figure S1. The overall early
technique failure rate, shown as the reference standard, was 16%, which is the total number of
patients with early technique failure divided by the total number of PD patients from all centers
that were not lost to follow-up at 6 months (due to transplantation or study end, n=73). Most
centers had an early technique failure rate around the overall rate of 16%. Four centers had a
higher rate, of which only one center was outside the 95% control limits of the reference standard.
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Permanent technique failure

A total of 254 patients developed permanent technique failure during the study: i.e. at 180
days after transfer to CHD they had not returned to PD (0.26 episodes of permanent technique
failure per person-year). The 1- and 2-year permanent technique failure rate was 22% and 43%
respectively (Supplemental Figure S2). The median time to permanent technique failure was 2.7
years. The most common cause of permanent technique failure was death, followed by infections.
Atotal of 72 patients developed early permanent technique failure and 182 patients developed
late permanent technique failure. Again, early technique failure was associated with catheter-
related problems and leakage, while infection and clearance problems were important causes
for both early and late technique failure (Supplemental Figure S3 and Supplemental Table S5).

Discussion

In this cohort of 695 Dutch patients who were treated with PD between 2012 and 2017, the
technique failure rate within the first year of PD treatment was 29%. Death was the most
common cause of technique failure. Death-censored technique failure rate at 1 year was 23%. In
20% of patients with technique failure, infections were a possible modifiable cause. In addition,
early technique failure was frequently caused by catheter-related problems and leakage (both
accounting for 15%). We found that APD use had a protective effect on technique failure.

Only few studies to date have used the standardized technique failure definition as proposed by
Lanetal. [3,7,13]. See et al.[7], reporting on Australian patients that started PD between 2000 and
2014, also used the standardized 30-day definition and found afirst year technique failure rate of
26%. In an older study by Descoeudres et al.[23], not using the standard definition but a similar
definition of technique failure including death by any cause, the technique failure rate at 1 year
was 25%. The technique failure rate in our study is thus comparable to other studies that included
death as a cause for technique failure. Death was the most common cause for technique failure
during the entire follow-up, as would be expected in a study on dialysis patients since mortality
rates of both PD and CHD patients are high [24]. Yet the death-censored technique failure rate
was still high. This, in addition to the decline of the number of PD patients in the Netherlands,
underscores the need to find modifiable causes for technique failure.

In recent decades, significant advances in PD treatment have declined the overall rate of technique
failure [3-5]. Boyer et al. state that this is, in addition to improved patient survival, attributable
to less infection-related technique failure [5]. Nevertheless, infections were still an important
cause of technique failure - both in early and late technique failure - indicating that prevention of
infections s pivotal in technique survival. Recommendations for the prevention of peritonitis from
the ISPD, including exit-site prophylaxis and antibiotic prophylaxis during PD catheter insertion,
were generally well followed by participating centers especially if compared to international data
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from PDOPPS [25-27]. In a recent study by PDOPPS, antibiotic prophylaxis during PD catheter
insertion was indeed associated with a lower peritonitis risk [28]. On the other hand, most
centers in the Netherlands did not use antifungal prophylaxis during antibiotic therapy although
prophylaxis was associated with a significant risk reduction of fungal peritonitis in a systematic
review [29]. According to the results of PDOPPS antifungal prophylaxis was also variably used
across countries, the lowest in Japan (8% of facilities) and the highest in Australia (89%) [27]. So
a greater reduction in infections may be possible if all centers would adhere to current guidelines.

The ISPD guidelines refrain from recommending a specific antibiotic regimen for peritonitis
based on a Cochrane systematic review due to lack of superiority [25, 30]. As a result, the initial
antibiotic regimen varied across centers. Of note, one third of all centers used a combination
with glycopeptides, possibly based on a systematic review in which glycopeptides were proven
most effective in combination with ceftazidim [31]. Also in PDOPPS a variable use of vancomycin
across countries has been reported [27]. However, because evidence for antibiotic regimens
including glycopeptides remain weak [30], future clinical trials may evaluate good practices from
single centers. Examples are temporary discontinuation of PD without removing the catheter
(peritoneal rest) combined with intravenous meropenem and meropenem intracatheter as lock
(Mero-PerRest protocol) in case of enteric peritonitis and the treatment with amphotericin B
catheter lock for salvage of the PD catheter in case of Candida peritonitis [32, 33].

Catheter-related problems have been identified as an important cause of early technique failure
in previous studies [10, 23]. In this study, we identified leakage as another important cause of
early technique failure. This underscores the need for a multidisciplinary team with sufficient
experience in catheter care and insertion [34]. In a study from Australia and New Zealand, small
center volume - possibly indicative of low center experience - was associated with technique
failure due to mechanical complications [3]. A striking variation in PD catheter survival among
different centers in the UK suggests differences in access protocols [15]. Still, previous studies
have not yielded results that could lead to recommendations for the preferred use of a catheter
delivery technique or specific PD catheter type [34, 35]. The workgroup PD catheter access of
PDOPPS hypothesize that standardized protocols for catheter insertion will be associated with

a reduction of technique failure, the results of this working group are thus eagerly awaited [15].

A possible other reduction in technique failure might be the increased interest in assisted PD
due to the ageing dialysis population [36]. Within this demographic shift, assistance during PD
treatment is a mean to provide home dialysis to elderly patients that may be unable to perform
PD themselves due to frailty or physical impairments. In a recent study, family-assisted PD was
associated with lower risk on catheter-related technique failure [37]. The authors hypothesized that
involving family members in dialysis treatment may lead to better adherence to diet restrictions
resulting in less constipation. Of note, in this study also a lower risk on technique failure due
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to clearance problems was found in both family assisted and nurse-assisted PD. The nurse or
family member supervising the treatment likely ameliorates the patient’s adherence to dialysis
prescriptions [37]. Clearance problems, in our report the main cause of death-censored technique
failure following infections, may thus also be perceived as a modifiable cause for technique failure.
These aforementioned modifiable causes - infections, leakage, catheter-related problems and
clearance problems - accounted for 48% of technique failure within our cohort, hence, quality
improvements aimed at these causes can have a majorimpact on technique survival.

APD use had a protective effect on death-censored technique failure in our analysis, even after
adjustments for age and comorbidity. In recent literature conflicting results have been presented:
APD use was associated with an adjusted lower technique failure rate and higher patient survival
in one study [38], while in other studies APD use was associated with a higher risk of technique
failure [3, 7]. There may be a link with infections, since CAPD use was associated with a higher
rate of peritonitis in recent studies [28, 39]. Also in the only two randomized controlled trials to
date - although originating from <2000 - higher peritonitis rates with CAPD use were found [40, 41].
This association with peritonitis might be due to better adaptation of therapy to patient needs, as
the authors of a recent study suggest [39], or to fewer connections between catheter and dialysis
bags when using APD instead of CAPD and thus less risk of breaching hygiene measures. Although
the suggestion of fewer connections resulting in less infections is disputed [25], new devices that
assists the patient are hypothesized to reduce infection risk [42]. APD might also be used more
often by patients themselves than for assisted PD [37], which could explain the protective effect
since self-care may be associated with a lower peritonitis rate [43, 44]. However, the association
between APD use and technique failure may also reflect long-term PD treatment, as patients
with early technique failure may not be able to transfer to APD (in other words: confounding
by indication). In the Netherlands, most patients start PD treatment with CAPD to familiarize
themselves with performing exchanges by hand prior to a transfer to APD. The reason for the
protective effect of APD is thus uncertain, therefore the choice for APD or CAPD should ideally be
based on patient preference [25].

In a previous study from the Netherlands by Huisman et al., smaller centers with on average
less than 20 PD patients had a significantly higher risk of technique failure than larger centers
[45]. The association between center volume and technique failure however likely reflects center
experience [16]. Indeed, others confirmed that in larger centers technique failure due to modifiable
causes, i.e. infections, catheter - and ultrafiltration problems, were less common [46]. Guillouét
et al. found that center volume and patients characteristics alone could not fully explain the
center effect on technique failure. They suggested that factors of center experience such as
patient education and nephrologist’s views on home dialysis play an important role in technique
failure[16]. Contributing to this, we showed that the early technique failure rate - often caused by
infections, leakage and catheter-related problems - was similar across all centers and was not
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related to the number of incident study patients. This probably indicates that it is not the center
volume itself that matters, but the experience within a center and having a dedicated team.

In this study, technique failure consisted of a composite outcome of death and transfer to CHD,
in accordance with the standardized definition [13]. Death is an objective measure but transfer to
CHD is subjective; often a choice is made by the nephrologist to discontinue treatment and this
decision will be weighed differently by each nephrologist. A considerable proportion of the causes
of technique failure may have been modifiable, i.e. infections, leakage and catheter problems,
since practice variation exists in peritonitis rate and in the treatment of infections and access [27,
39]. Because the definition of technique failure partly consists of the decision to discontinue PD,
studies on infection prevention and catheter access such as the PDOPPS will help to increase

technique survival [15].

Strengths of this study include the use of the standardized definitions of technique failure,
including the death-censored and permanent definition, the analysis of causes of both early
and late technique failure, the use of a patient cohort reflecting current practice patterns and
extensive adjustments for confounders. In addition, most studies were conducted on registry
data whereas our cohort study enabled to identify the causes of technique failure in more detail.
Yet, the study sample of this analysis was relatively small and the study was conducted in a single
country. The study duration of this study was a respectable 5 years, yet the median follow-up
duration was 13 months. As a result, the proportion of technique failure after 1 year should be

interpreted with caution.

In conclusion, in this multi-center Dutch study of PD patients PD-related infections, leakage and
catheter problems were important modifiable causes for technique failure. As almost a quarter of
patients experience death-censored technique failure within the first year, future studies should
emphasize on prevention of infections and PD catheter access problems to improve technique

survival.
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Supplemental material

Supplemental Table S1. Patient-specific risk factors associated with death-censored technique failure in
a competing risk analysis

Male sex 1.14(0.86-1.53) 0.36
Age (10 year) 0.94(0.86-1.03) 0.16
Employed 1.07(0.78-1.47)  0.69
CCl
low Reference
intermediate  1.15(0.79-1.68)  0.47
severe 1.13(0.74-1.74)  0.57
BMI
<25kg/m? Reference Reference

25-30kg/m? 1.14(0.80-1.62) 047 1.16(0.82-1.63) 041

>30 kg/m? 0.88(0.57-1.37)  0.58 1.01(0.67-1.52)  0.97
APD (vs CAPD) 0.64(0.49-0.84)  0.001 0.62 (0.47-0.81) 0.001 0.60(0.46-0.80) <0.001
Model 1is adjusted for sex and age.
Model 2 is adjusted for sex, age, employment status, BMI, CCl, and center PD volume.
SHR, subdistribution hazard ratio; BMI, body mass index; APD, automated peritoneal dialysis; CAPD,
continuous ambulatory peritoneal dialysis; CCl, Charlson Comorbidity index. In this competing risk analysis
both kidney transplantation and death were competing events.

Supplemental Table S2. Patient-specific risk factors associated with death in a Cox regression model

Male sex 1.14(0.78-1.67) 0.51
Age (10 year) 1.40(1.20-1.63)  <0.001
Employed 0.34(0.18-0.66)  0.001
CCl
low Reference
intermediate  2.41(1.24-4.67)  0.009
severe 4.27(2.22-8.19) <0.001
BMI
<25kg/m? Reference Reference

25-30kg/m? 1.33(0.79-2.23) 0.28 1.16 (0.68-1.97) 0.59
>30 kg/m? 1.92(1.12-3.30) 0.02 1.62(0.97-2.71) 0.07
APD (vs CAPD) ~ 0.74(0.52-1.07)  0.11 0.83(0.57 - 1.20) 0.32 0.87(0.59-1.27) 0.46

Model 1 is adjusted for sex and age.

Model 2 is adjusted for sex, age, employment status, BMI, CCl, and center PD volume.

HR, hazard ratio; BMI, body mass index; APD, automated peritoneal dialysis; CAPD, continuous ambulatory
peritoneal dialysis; CCl, Charlson Comorbidity index.

156



Technique failure in peritoneal dialysis

Supplemental Table S3. Patient-specific risk factors associated with technique failure in a competing risk
analysis

Male sex 1.16(0.93-1.46) 0.20
Age (10year)  1.11(1.03-1.20) 0.009
Employed 0.67 (0.51-0.89) 0.006
CClI
low Reference
intermediate 1.54(1.11-2.15) 0.01
severe 2.10(1.49-2.95 <0.001
BMI
<25kg/m?  Reference Reference

25-30kg/m? 1.20(0.90-1.61) 0.21 1.14(0.84-1.54)  0.40

>30 kg/m? 1.23(0.89-1.71) 0.20 1.22(0.89-1.68 021
APD (vs CAPD)  0.63(0.51-0.79) <0.001  0.65(0.52-0.81) <0.001  0.65(0.52-0.81) <0.001
Model 1 is adjusted for sex and age.
Model 2 is adjusted for sex, age, employment status, BMI, CCl, and center PD volume.
SHR, subdistribution hazard ratio; BMI, body mass index; APD, automated peritoneal dialysis; CAPD,
continuous ambulatory peritoneal dialysis; CCI, Charlson Comorbidity index. In this competing risk analysis
kidney transplantation was a competing event.

Supplemental Table S4. Center characteristics

Center type
Academic 8 (24)
Non-academic 25 (76)
PD solution
Conventional 3(9)
Neutral pH low GDP 30 (91)
Icodextrin 33(100)
Exit site antibiotic prophylaxis 26 (79)
Antibiotic prophylaxis during PD catheter insertion 33(100)
Antifungal prophylaxis during antibiotic therapy 2(6)
PD volume
<15 patients 6(18)
15-25 patients 12 (36)
> 26 patients 15 (45)
HHD volume
<5 patients 12 (36)
5-10 patients 13(39)
> 11 patients 8 (24)

PD, peritoneal dialysis; GDP, glucose degradation products; HHD, home hemodialysis.
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Supplemental Table S5. Causes of technique failure by definition

Infections 64 (20%) 41 (16%)
Catheter problems 25 (8%) 13 (5%)
Clearance 37 (12%) 31(12%)
Leakage 25 (8%) 17 (7%)
Psychosocial 21 (7%) 21 (8%)
EPS 2 (1%) 1 (0%)
Another reason 32 (10%) 14 (6%)
Stop dialysis 17 (5%) 17 (7%)
Death 92 (29%) 95 (37%
Unknown 3 (1%) 4 (2%)

Technique failure according to the 30-day definition was defined as a transfer to CHD for > 30 days, death on
PD or death within 30 days after transfer to CHD.

Permanent technique failure according to the 180-day definition was defined as a transfer to CHD for> 180
days, death on PD or death within 180 days after transfer to CHD.

Allwere in accordance with the standardized definition as proposed by Lan et al. [Perit Dial Int. 2016;36(6):623-
30].

Supplemental Figure S1. Funnel plot of early technique failure in incident study patients
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Each circle represents the early technique failure rate for a participating center (n=31). Rates are adjusted
for age and sex. The overall early technique failure rate is used as a reference (blue). The 90%, 95%, and
98% control limits are provided as dotted lines. Using the 95% control limit, one center with 29 incidents
patients during the study period had a significantly higher early technique failure rate and performed worse
than expected.
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Supplemental Figure S2. Permanent technique failure
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Permanent technique failure was defined as a transfer to CHD for = 180 days, death on PD or death within
180 days after transfer to CHD.

Supplemental Figure S3. Comparison of causes of early and late permanent technique failure
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Early PD technique failure is defined as occurrence of permanent technique failure in the first 6 months after
start of PD (n=72). Late technique failure is defined as occurrence of permanent technique failure more than
6 months after start of PD (n=182).
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Abstract

Candida species form biofilms, that facilitates adherence to peritoneal dialysis (PD) catheters
and making them less susceptible to antifungal therapy. Therefore, the International Society for
Peritoneal Dialysis recommends immediate PD catheter removal in case of Candida peritonitis.
However, in 2007, our institution showed that Candida peritonitis could be successfully treated
without catheter removal with a treatment strategy including amphotericin B as catheter lock. To
confirm the efficacy and safety of this lock-based protocol, we evaluated the outcome of Candida
peritonitis episodes since then. A retrospective, single-center study was conducted in which we
analysed all Candida peritonitis episodes in PD patients, treated with the lock-based protocol
between July 2006 and March 2018. Eleven non-relapse Candida peritonitis episodes in 10 patients
were treated with the lock-based protocol. Seven of the 11 episodes (64%) were cured without
PD catheter removal (5 episodes cured immediately, 1 episode cured after an early relapse and
1 episode cured after a late relapse), in 2 episodes (18%) the catheter had to be removed, and 2
patients died (18%). This study confirms our previous findings that an amphotericin B lock-based
protocol has potential to cure Candida peritonitis without PD catheter removal. However, further
research is needed given the limitations of this study. Until that time, the lock-based Candida
protocol could be used in patients who are not severely ill and in whom PD catheter removal is
not desirable.
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Introduction

Candida species cause 3 - 16% of peritonitis episodes in peritoneal dialysis (PD) patients [1-4].
They form biofilms, facilitating adherence to foreign bodies such as PD catheters and making
them less susceptible to antifungal therapy [5]. Because of this, the International Society for
Peritoneal Dialysis recommends immediate removal of the catheter in case of Candida peritonitis
[6]. Although catheter removalis largely performed, mortality rate varies (0 - 61%) and PD catheter
replacement is often unsuccessful, resulting in high technique failure rates (30 - 100%) [1, 3, 7, 8].

In 2007, Boer et al. reported eight cases of Candida peritonitis that were treated successfully
without catheter removal between 2000 and 2006 in the University Medical Center Utrecht by
using an amphotericin B catheter lock combined with oral flucytosine and intraperitoneal (IP)
fluconazole [9]. To confirm the efficacy and safety of the lock-based protocol, we evaluated the
outcome of Candida peritonitis episodes treated with this protocol since then.

Methods

In a retrospective, single-center study, all Candida peritonitis episodes in PD patients, treated
with the lock-based protocol between July 2006 and March 2018, were analysed. Patients who
performed automated PD were switched to continuous ambulatory PD when effluent cultures
revealed Candida species. Candida peritonitis was treated with oral flucytosine (500mg BID) and
IP fluconazole (150mg every 48 hours in the night exchange). Additionally, after each instillation of
PD fluid (usually four times daily), the PD catheter and connecting tube were filled with 5-10 mL of
a solution containing 0.1 mg/mL amphotericin B. The catheter lock was removed when draining
the dialysate between exchanges. Treatment duration was 4 weeks.

Possible outcomes were cure without PD catheter removal, early relapse, initial cure with late
relapse, PD catheter removal or death. Early relapse was defined as Candida peritonitis occurring
within 4 weeks after completion of antifungal treatment [6], while initial cure with late relapse was
defined as a peritonitis with the same Candida species more than 4 weeks after completion of
treatment. The outcome of both types of relapses was allocated to the initial peritonitis episode.
Death was ascribed to peritonitis if it occurred within 30 days after presentation or was assigned
directly to peritonitis.
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Results

During the study period, 165 patients were treated with PD for 276 patient-years. The overall
Candida peritonitis rate in these patients was 0.05 episodes per patient-year and they had no
episodes with non-Candida fungi. Nineteen Candida peritonitis episodes occurred of which 11
episodes were analysed (Figure 1).

Figure 1. Flow chart of Candida peritonitis episodes

19 Candlida peritonitis episodes
(in 12 patients)

3 episodesnot treated
with Candida protocol

J’ (in 3 patients®)

A 4

16 Candlida peritonitis episodes
(in 10 patients)

.| 5relapse episodes
(in 2 patients™)

y
11 non-relapse Candida peritonitis episodes

treated with Candlida protocol
(in 10 patients)

T Inthese episodes, Candida was cultured in the presence of abdominal sepsis due to a bowel perforation. In
two of them, no antifungal therapy was initiated at all and treatment was stopped, while the third episode was
treated with caspofungin. Eventually, all three patients died within a few days after presenting with peritonitis.
* Two patients had one Candida peritonitis episode, while one patient had multiple Candida peritonitis
episodes. Therefore the number of patients incorporated in the analysis decreased from 12 to 10.

** These patients had multiple Candida peritonitis episodes, therefore the number of patients incorporated
in the analysis remained the same.

Three episodes were excluded since they were not treated according to the lock-based protocol
(see Figure 1, for a detailed explanation), and five episodes were excluded because they were
relapses.

Eleven non-relapse Candida peritonitis episodes that occurred in 10 patients are presented in
Table 1. Overall peritonitis rate in these patients was 1.46 episodes per patient-year. The first
Candida peritonitis occurred at 57.2 + 11.8 years with a median PD duration of 20.8 months
(interquartile range (IQR) 11.2 - 29.8). Candida albicans and Candida parapsilosis were cultured
in six and five episodes, respectively, and both strains were flucytosine, fluconazole, and
amphotericin B susceptible. The lock-based protocol started a median of 2 days (IQR 1.5 - 3.0)
after presentation with peritonitis.

Seven of the 11 Candida peritonitis episodes (64%) were cured without PD catheter removal
(Table 1). Of those seven episodes, five episodes (46%) were immediately cured, one episode

164



Amphotericin B catheter lock for Candida peritonitis

(9%) was cured after an early relapse, and one episode (9%) was cured after a late relapse. In
two episodes (18%), the catheter had to be removed; for the first patient (#4) due to refractory
Candida peritonitis in combination with clinical detoriation and for the second patient (#7) due
to refractory Stenotrophomonas peritonitis. In the second patient, both Stenotrophomonas and
Candida were cultured at presentation with peritonitis. Candida was successfully eradicated with
the lock-based protocol, while Stenotrophomonas persisted despite treatment. Eventually, a new
catheter was inserted in this patient and PD was restarted.

Two patients (18%) died due to sepsis. The first patient (#5) developed three late relapses, 1, 4
and 6 months after initial presentation. In this patient, haemodialysis was not possible. She died
26 days after the last episode due to a sepsis for which she refused treatment, but notably with
negative Candida cultures. The second patient (#8) died two days after developing a Candida
peritonitis. The peritonitis occurred subsequent to a Candida bloodstream infection related to a
central venous catheter (CVC) located in the femoral vein.
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Discussion

In this study, Candida peritonitis was cured without removing the PD catheter in 64% of the
episodes by applying amphotericin B intra-catheter in addition to oral flucytosine and IP
fluconazole. When these results are combined with our previous study [9], the cure rate was 79%
(15 out of 19 episodes in 16 patients were cured), the patient survival rate was 88%, the catheter
removal rate was 11% and the technique survival rate was 81%. These results are better than
those reported in literature since 2007, with a cure rate of only 0 - 22% [3, 10] and mortality rates
up to 61% [7], despite catheter removal rates of 58 - 100% [7].

The unique feature of our protocol is the intra-catheter instillation of amphotericin B aimed at
eradicating the Candida-induced biofilm. With intra-catheter instillation, the lumen is exposed to a
high concentration of amphotericin B, while direct toxicity to the peritoneum is prevented because
the drug is flushed out of the catheter during drainage of the peritoneal cavity. Amphotericin
B intra-catheter can suppress fungal metabolic activity, inhibit biofilm formation and sterilise
foreign bodies such as CVCs [11]. A review of in vivo studies with amphotericin B intra-catheter
concluded that it is useful as lock therapy in addition to systemic therapy in patients with CVC
related infections [5]. Since CVCs are made of the same material as PD catheters, these findings
support our results in PD patients.

Our study has some limitations. First, it is retrospective and conducted in a single center without
a control group. Second, the amphotericin B catheter lock was added to oral flucytosine and IP
fluconazole, but it is unknown whether the amphotericin B catheter lock is also effective when
combined with other systemic or IP antifungal therapy. Third, several aspects of the protocol such
as the concentration of amphotericin B, the frequency of application and the total duration of therapy
are based on expert opinion. Fourth, we cannot exclude spill of the amphotericin B catheter lock into
the peritoneal cavity [12]. IP amphotericin Bis associated with persistent leucocytosis and abdominal
pain due to local chemicalirritation attributed to the sodium desoxycholate solvent [13, 14]. However,
concentrations of IP amphotericin B used in previous studies are higher than the concentration in
case of spill of amphotericin B using our protocol [14]. Moreover, our patients have not experienced
the aforementioned side effects. Finally, three patients with abdominal sepsis due to a bowel
perforation were not treated with the lock-based protocol, which influenced peritonitis outcomes.

In conclusion, an amphotericin B lock-based protocol has potential to cure Candida peritonitis
without PD catheter removal. The protocol is simple to use, safe, and could prevent transfer to
haemodialysis which often necessitates CVC insertion. However, given the limitations of this study,
itis important to conduct further research in prospective, well-controlled, multicenter studies.
Until that time, the lock-based Candida protocol could be used in patients who are not severely
illand in whom PD catheter removal is not desirable.
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Abstract

Rationale & Objective Dialysis patients judge health-related quality of life (HRQoL) as an essential
outcome. Remarkably, little is known about HRQoL differences between home dialysis and in-
center hemodialysis (HD) patients worldwide.

Study design Systematic review and meta-analysis.

Setting & Study populations Search strategies were performed on the Cochrane Library,
Pubmed and EMBASE databases between 2007 and 2019. Home dialysis was defined as both
peritoneal dialysis and home HD.

Selection criteria for studies Randomized controlled trials and observational studies that
compared HRQoL in home dialysis patients versus in-center HD patients.

Data extraction The data extracted by two authors included HRQOL scores of different
questionnaires, dialysis modality, and subcontinent.

Analytical approach Data were pooled using a random-effects model and results were expressed
as standardized mean difference (SMD) with 95% confidence intervals (Cls). Heterogeneity was
explored using subgroup analyses.

Results Forty-six articles reporting on 41 study populations were identified. Most studies were
cross-sectional in design (90%), conducted on peritoneal dialysis patients (95%), and used the 12-
item or 36-item Short-Form Health survey questionnaires (83%). More than half the studies showed
moderate or high risk of bias. Pooled analysis of 4,158 home dialysis patients and 7,854 in-center
HD patients showed marginally better physical HRQoL score in home dialysis patients compared
toin-center HD patients (SMD 0.14, 95%Cl 0.04 to 0.24), although heterogeneity was high (I>>80%).
In a subgroup analysis, Western European home dialysis patients had higher physical HRQoL score
(SMD 0.39, 95%Cl 0.17 to 0.61), while home dialysis patients from Latin America had a lower physical
score (SMD -0.20, 95%CI -0.28 to -0.12). Mental HRQoL showed no difference in all analyses.

Limitations Norandomized controlled trials were found and high heterogeneity among studies existed.
Conclusions Although pooled data showed marginally better physical HRQoL for home dialysis
patients, the quality of design of theincluded studies was poor. Large prospective studies with adequate

adjustmentsfor confounders are necessary to establish whether home dialysis results in better HRQoL.

Trial registration PROSPERO 95985.
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Introduction

End-stage renal disease (ESRD) is associated with poor survival. Patients starting on dialysis
therapy have a median five-year survival rate of only 45% [1]. Observational studies comparing
patients performing home dialysis, mostly peritoneal dialysis (PD), with in-center hemodialysis
(HD) show comparable survival between groups [2-4]. Therefore, these survival studies will not
help patients in choosing a dialysis modality.

Counterintuitive to what some clinicians assume, patients with ESRD consider quality of life (QoL)
far more important than survival [5-10]. Many patients experience dialysis as a heavy burden; they
even have poorer health-related QoL (HRQoL) than patients with diabetes or malignancies [11, 12].
Patients also indicate HRQoL aspects asimportant research topics [13, 14]. This has affected the
research performed in the medical field during the last decade, with focus shifting from clinical
outcomes to patient-reported outcomes [15, 16]. Indeed, the number of articles reporting HRQoL
in dialysis patients has multiplied during the last 10 years.

Reducing the impact of ESRD and its treatment on daily life could potentially improve HRQoL.
Performing dialysis at home, instead of being treated with in-center HD, has the advantage of more
independence and flexibility during the day [17-20]. Moreover, due to the possibility of self-care and
fewer hospital visits with home based therapies, patients are able to return to work and engage in
daily social activities [18,21-23]. Home HD (HHD) enables an intensified dialysis regimen, allowing a
reduction in medication burden [24]. All these factors could contribute to an improvement in HRQoL.

Many cross-sectional and some cohort studies from different regions across the world
have reported on HRQoL of home dialysis patients in comparison to in-center HD patients.
Interpretation of these studies is hampered by a large variety in type of questionnaire used
and applied study design [25-27]. In addition, because these studies are conducted in different
countries, disparity exists in study populations since the percentage of patients receiving home
dialysis varies across the world. This difference in practice patterns, together with a difference
in local cultures, is suggested to influence HRQoL [28]. Investigators of ‘the Dialysis Outcomes
and Practice Patterns Study’ found different HRQoL scores between in-center HD patients
across Japan, Europe, and the United States after adjustment for several confounders, including
comorbid conditions [28]. Due to inequalities among studies, it is difficult to determine whether
home dialysis patients have better HRQoL. Differences in HRQoL of home dialysis patients and
in-center HD patients should be interpreted in relation to the country of residence.

Hence, a systematic review and meta-analysis was conducted to summarize and evaluate the

available studies on HRQoL of home dialysis and in-center HD patients, with a special focus on
differences across the world.
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Methods

Search strategy and selection criteria

The Cochrane Library, Pubmed, and EMBASE databases were searched for relevant articles
using all synonyms and abbreviations of the terms “dialysis” and “quality of life” (Table S1).
The search was limited to publications during the last 10 years because the perception of QoL
in patients treated with dialysis has changed over time, for example, by improved metabolic
control over the years [29]. After removing the duplicates, two authors (AB and AE) independently
performed screening of titles and abstracts according to predetermined inclusion and exclusion
criteria. All articles comparing the HRQoL of adult (i.e. = 18 years) home dialysis patients with
the HRQoL of in-center HD patients were included. Articles other than randomized controlled
trials and observational studies were excluded, such as validation and reliability studies on QoL
questionnaires. In addition, articles in a language other than English were excluded.

The remaining articles were read full text by two authors (AB and AE) and screened for
additional references. All articles assessing HRQoL by applying worldwide most commonly used
questionnaires [30] were included (Table S2). The full-text articles were also checked for outdated
patient data (data collected before 2007), which was reason for exclusion, and missing HRQoL
scores. When no quantitative scores were reported for home dialysis and in-center HD patients,
the authors were e-mailed. If they provided the quantitative data, the article was subsequently
included in the critical appraisal. Final inclusion was based on consensus between the two
authors (AB and AE). In case they failed to reach consensus, a third author (TH) was asked for an
opinion that was decisive. The selection process is summarized in Figure 1.

Data extraction

Data extraction was performed and checked by two authors (AB and AE). The included studies
were structured according to dialysis modality, country and subcontinent of conductance,
number of participants with characteristics (age, dialysis vintage, and sex), and type of HRQoL
questionnaire used. From all studies, HRQoL scores were extracted and evaluated. If no standard
deviation was reported, it was calculated (e.g. from interquartile range [IQR], confidence interval
[Cl], or standard error) or substituted from another study with similar characteristics [31].
Subcontinents were classified according to the regional boards of the International Society of
Nephrology [32].

For the meta-analysis, the Physical Component Summary (PCS) was used as score for the
physical domain, and the Mental Component Summary (MCS) for the mental domain. If summary
scores of the 12-item or 36-item Short Form Health Survey (SF) were not available, the physical
functioning score or the mental health score was used, respectively. If the abbreviated World
Health Organization Quality of Life (WHOQOL-BREF) was assessed, the physical health score was
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used for the physical domain, and the psychological health score for the mental domain. If the
EuroQol-5D (EQ-5D) was reported, the visual analogue scale was used for the analysis.

Risk of Bias assessment

After full-text screening, articles eligible for critical appraisal were independently appraised by
two authors (AB and AE) using criteria based on the Critical Appraisal Skills Programme Cohort
Study checklist and the Newcastle-Ottawa Scale.[33, 34] The following criteria were assessed:
study design, patient selection, comparability of patients between groups, accurate measurement
of outcome, correction for confounding, duration of follow-up, selective reporting, and conflict
of interest (details are provided in Table S3). They were scored as + (low risk of bias), - (high
risk of bias) or ? (unclear) based on consensus between the two authors (AB and AE). In case
of disagreement, a third opinion (BJ) was decisive. After completing the critical appraisal, the
corresponding authors of the articles were contacted if any uncertainty remained (i.e. criteria
scored as unclear). Any given comment was taken into account for the final critical appraisal.

Analytical approach

With the extracted HRQoL scores, a meta-analysis was performed. Heterogeneity, both in clinical
characteristics (e.g. variability in patients) and methodological aspects (i.e. design and risk of
bias), was explored by visual inspection and quantified by I > 75% [35]. Significant heterogeneity
was expected due to the use of different types of HRQoL questionnaires and differences between
countries regarding practice patterns and accessibility for home dialysis leading to differences
between patient populations [28]. Therefore, the standardized mean difference (SMD) of HRQoL
scores and a random-effects model were used.

The following subgroup analyses were performed: different subcontinents and subgroups of
studies according to overall risk of bias (as scored by authors: low, moderate, or high). When
appropriate, type of home dialysis (PD or HHD) was compared with in-center HD. Additional
analyses were conducted for the following subgroups: type of questionnaire used, different
age categories (<45, 45 - 60 and >60 years), and dialysis vintage (<36 vs = 36 months). Finally, a
sensitivity analysis was conducted that excluded articles for which the standard deviation was
calculated or substituted. All analyses were performed with Stata/SE, version 14.1, for Windows
(StataCorp LP).

Protocol and registration

This systematic review was registered in PROSPERO, the International prospective register of
systematic reviews. The study protocol can be retrieved from the PROSPERO website (https://
www.crd.york.ac.uk/prospero/) using registration number 95985.
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Results

Study selection

The initial literature search was performed on November 21, 2017, and last updated in January
2019. The final search yielded 1,647 articles, after removal of duplicates. Subsequently, articles
were excluded based on title and abstract, according to previously determined inclusion and
exclusion criteria. Systematic reviews that were among these articles were checked for references
before they were excluded [21, 25, 26, 30, 36-46]. This resulted in one article; however, its data
collection was performed before 2007 and therefore it was excluded [47].

The full texts of the remaining 80 articles were retrieved and assessed for eligibility. A total of
35 articles were excluded for the following reasons: comparison group other than in-center HD
[48-50], groups were not separately presented [51-55], unspecified HRQoL questionnaire [56-59],
HRQoL data exclusively presented in graphs [60-62], unclear calculation of HRQoL scores [63,
64], and outdated population data (data collected before 2007) [65-80]. The studies of Garg et
al. [17] (Frequent Hemodialysis Network trials) and Jardine et al. [81] (ACTIVE dialysis trial) were
excluded because they focused on frequent HD which was not exclusively performed at home.
The remaining 45 articles were screened for additional references, resulting in 1 article that was
evaluated and included (Figure 1) [82].

A total of 46 articles was eligible for critical appraisal [82-127]. The following articles presented
overlapping patient data and were appraised as one: Bujang et al. and Liu et al. [91, 92],
Chkhotua et al. and Maglakelidze et al. [94, 95], Griva et al. and Yang et al. [103, 104], 2 articles by
Kontodimopoulos [111, 112], and 2 articles by Theofilou [120, 121], leaving 41 studies for analysis.
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Figure 1. Selection flow diagram
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HRQol, Health-Related Quality of Life.

*Exclusion criteria: Articles describing data older than 10 years, case-reports, congress abstracts, editorials,
language other than English, letters, opinion papers, reviews, and validation and reliability studies on quality
of life questionnaires.

Study characteristics

Characteristics of the included studies are described in Table 1. Most (32%) of the studies were
conducted in Western Europe, followed by Asia (27%). From the 41 studies included, only 3
compared the HRQoL of HHD patients with in-center HD patients [82, 123, 124], while the rest
focused on the comparison PD versus in-center HD. The predominantly used questionnaire was
the SF, either as a separate questionnaire or part of the Kidney Disease Quality of Life (KDQOL)
questionnaire (83%).
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Mean age of the home dialysis population was 55.9 + 13.8 years, while in-center HD patients
where slightly younger (mean age 54.8 + 14.1 years). There was a difference in dialysis vintage
between both groups, with a median of 34.1 months for home dialysis patients (IQR 22.8 - 43.4
months) and 56.9 months for in-center HD patients (IQR 31.0-77.2 months). Most (55%) of the total
dialysis population was male. One study was conducted in females only [87]. Half of the home
dialysis population was male (range 27%-90%) compared to 57% of the in-center HD population
(range 44%-85%). In the included studies, there were no randomized controlled trials of in-center
HD versus home dialysis. Furthermore, most studies had a cross-sectional design, comparing
prevalent patients receiving in-center HD with prevalent home dialysis patients.

It should be noted that 4 studies were observational cohort studies with a longitudinal follow-up.
Da Silva-Gane et al. assessed HRQoL of dialysis patients every 3 months until 12 months after
dialysis initiation [97]. Baseline PCS scores were lower in in-center HD patients. However, after a
median follow-up period of 14.7 months, HRQoL between dialysis modalities was equal. Because
follow-up results of PD and in-center HD patients were not shown in the article, in the following
meta-analysis, only baseline data of this study could be used.

The study by Neumann et al. investigated the change in social networks and social support, and
their association with HRQoL, of dialysis patients over a 12 month period [114]. The PCS and
MCS scores of PD and in-center HD patients decreased equally during follow-up. The follow-up
HRQoL scores at 12 months were used in this meta-analysis. The study by Painter et al. examined
exercise capacity after modality switch from in-center HD to HHD, yet also assessed HRQoL [82].
Modality switch was associated with a significant improvement in physical HRQoL scores after
6 months. The follow-up HRQoL scores at 6 months were used in this meta-analysis. The study
by Ruiz de Alegria - Ferndndez de Retana et al. related coping mechanisms to HRQoL [118]. SF-36
questionnaires were collected at 3, 6, and 12 months after dialysis initiation. Separate HRQoL
scores for PD and in-center HD were obtained from the author. These unpublished data showed
improvement in MCS scores for in-center HD patients, but PCS scores remained the same in
both groups. HRQoL scores 12 months after initiation of dialysis treatment were used in this

meta-analysis.

Risk of Bias assessment

Results of the critical appraisal are presented in Table S4. Seventeen of the 41 studies were
assessed as having an overall low risk of bias. There was a general lack of adequate presentation
of patient characteristics, with 6 studies presenting baseline data without separation by dialysis
modality [86, 106, 110, 126] or no baseline data at all [95, 96]. Few studies adequately adjusted
HRQoL scores for confounding between groups [84, 97,98, 108, 109, 114]. Apart from adjustment
for confounders, also a stratified analysis was considered as a low risk of bias. HRQoL, as a patient-
reported outcome measure, should be self-reported or assessed by a trained research-assistant
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[128]. For 8 studies, it was unknown whether the professional performing the interview was trained
to assess HRQol, leading to potential bias in outcome assessment [89, 99, 102, 106, 115, 116,
120, 126].

Meta-analysis

The included studies for the meta-analysis compared HRQoL for a total of 4,158 home dialysis
patients with 7,854 in-center HD patients. The study by Wright et al. compared two home dialysis
populations (HHD and PD) with in-center HD patients and is presented twice in the meta-analysis
[124]. Although heterogeneity was high, HRQoL on the physical domain was marginally betterin
home dialysis patients compared with in-center HD patients, with an SMD of 0.14 (95% CI 0.04 to
0.24). HRQoL on the mental domain was equal between the two groups (SMD 0.06, 95% CI -0.03
t0 0.15).

A comparison among subcontinents showed that patients receiving home dialysis in Western
Europe had higher physical HRQoL scores compared with in-center HD patients (SMD 0.39, 95%
Cl0.17 to 0.61), whereas patients receiving home dialysis from Latin America had lower physical
HRQoL scores (SMD -0.20, 95% CI-0.28 to -0.12; Figure 2A). HRQoL on the mental domain showed
no difference among the subcontinents (Figure 2B).

If studies were divided according to overall level of bias, increased risk of bias was associated with
anincreasein SMDin physical HRQoL (high risk of bias: SMD 0.26, 95% CI-0.01 to 0.52; Figure 3A).
For the mental domain, there was no difference among the different levels of bias (Figure 3B). The
subgroup analysis regarding type of home dialysis (PD or HHD) provided no additional insights,
recognizing that only 3 studies focused on HHD (data not shown). Heterogeneity remained after
all subgroup analyses. Additional analyses regarding type of questionnaire used, different age
categories, and dialysis vintage did not alter results or influence heterogeneity (Figures S1A and
B, and S2A and B).

The standard deviation for the HRQoL scores in 5 studies had to be calculated, if sufficient data
were available [95, 98, 108], or substituted [102, 106]. Also, WHOQOL-BREF scores in two studies
were transformed into a 100-scale [101, 121]. To further explore the robustness of data, sensitivity

analysis was performed that did not change the mentioned results.
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Figure 2. Meta-analysis of Health-Related Quality of Life (HRQoL) among subcontinents
A.
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Cl, confidence interval; SMD, standardized mean difference.
(A) Physical and (B) mental HRQoL among subcontinents.
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Figure 3. Meta-analysis of Health-Related Quality of Life (HRQoL) among level of bias
A.
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Cl, confidence interval; SMD, standardized mean difference.
(A) Physical and (B) mental HRQoL among level of bias.

189



Chapter9

Discussion

This meta-analysis shows better physical HRQoL for patients treated with home dialysis compared
with patients receiving in-center HD, while mental HRQoL is comparable between these two
patient groups. However, higher physical HRQoL scores in home dialysis patients were found
only in Western Europe. Home dialysis patients from Latin America were found to have poorer
physical HRQoL compared with in-center HD patients. No studies were conducted in Oceania or
Russia and only a few in Africa and the Middle East, hampering the comparison regarding HRQoL
in the dialysis population worldwide. Furthermore, it should be noted that included studies were
generally low in quality and showed high heterogeneity. Therefore, the conclusion regarding
better HRQoL of home dialysis patients compared with in-center HD patients lacks the necessary
robustness.

The finding that home dialysis patients from Western Europe had better physical HRQoL compared
with in-center HD patients could be explained because PD patients from some of the Western
European studies were younger due to practice patterns, suggestive for confounding by indication
(97,99, 100]. Although most studies performed statistical adjustments of their analyses, important
residual confounding between these patient groups might still be present. In contrast to West-
European home dialysis patients, those from Latin America were found to have poorer physical
HRQoL. However, these results could also be subject to confounding by indication because in
Brazil, the country in which these studies were conducted, it is common practice to perform
PD only if patients are not eligible for in-center HD [84]. Brazilian in-center HD patients may be
healthier and therefore physically in better condition than PD patients in general [84, 102]. This
was emphasized by Ramos et al. because in this study, PD and in-center HD patients were more
comparable and physical HRQoL scores were found to be equal [117].

The differences in HRQoL of dialysis patients across the world could also be explained by
differences in access to dialysis. Liyanage et al. modelled inaccessibility among countries and
estimated that at least 47% and at most 73% of the world population has no access to renal
replacement therapy (RRT) [129]. In Latin America, up to 52% of patients with ESRD have no access
to dialysis, while Africa and Asia have the highest inaccessibility rates, 83% and 91%, respectively
[129]. In South-Africa, more than half the patients in need of RRT cannot be treated [130, 131]. Due
to limited resources, prolonged maintenance dialysis is not applied and only patients suitable
for transplantation are eligible for RRT. As a result, the elderly or unemployed and patients with
diabetes or drug abuse are rarely accepted for dialysis treatment [130, 131]. In India, less than
10% of patients start RRT and yet more than two-thirds cease dialysis treatment due to financial
problems, often within 3 months. Most dialysis facilities belong to private hospitals and although
PD has gained popularity, due to financial restrictions both home dialysis and in-center HD are
reserved for the rich minority [132]. In most countries of North and South Asia, dialysis care is
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publicly funded, as is most common in the rest of the world, whereas only 31% of countries in
Southeast Asia provide free publicly funded dialysis care [133]. Particularly patients from low-
income countries worldwide depend on private funding [133, 134]. In high-income countries,
inaccessibility is very low, with a maximum of 30%, in comparison to 98% in low-income countries
[129, 135]. Due to these accessibility issues, dialysis patients from high income countries (e.g.
Western Europe) substantially differ from patients worldwide, which could influence HRQoL scores
importantly.

This meta-analysis also underscores the effect of bias in HRQoL. A high risk of bias was associated
with better HRQoL in favor of home dialysis if compared with studies with low risk of bias.
Remarkably, in all studies with a high risk of bias, HRQoL questionnaires were not completed
by patients themselves, yet were administered by researchers for whom it was unclear whether
they had been trained. In the manual of the Short Form Health Survey, it is stated that the
questionnaire should be completed by the patient alone before any contact with the clinician
to avoid influencing the patient and reduce the risk of socially desirable answers [128]. Hood et
al. has found that assessment by an interviewer is a potential risk of significant bias [136]. The
aforementioned conclusion is confirmed by the results of this meta-analysis.

No randomized controlled trials with randomization between home and in-center dialysis
were found in the literature search, presumably because previous experiences have shown
that a patient’s choice between home dialysis and in-center HD is too fundamental to let it be
determined by fate [20, 137]. In this meta-analysis, most studies had a cross-sectional design
and did not adjust for confounding, even though populations were not comparable at baseline.
However, patients performing home dialysis are principally different from in-center HD patients.
Therefore, in cross-sectional studies, the observed associations are less likely to be causative.
Korevaar et al. showed that patients starting home dialysis had higher HRQoL scores than in-
center HD patients even in adjusted analysis [138], while Manns et al. reported that choosing home
dialysis improved HRQoL even before initiation of home dialysis [139]. The prospective studies
in this meta-analysis had a follow-up period of 6 to 12 months. However, it might take longer for
patients to return to social activities and work, two factors suggested to be of major influence
on HRQoL [18, 21-23]. Therefore, prospective studies with at least one year of follow-up will be
necessary to provide a valid assessment of HRQoL of home dialysis patients.

Unfortunately, few studies reported on disease-specific domains, whereas dialysis modality
possibly has a greater impact on specific symptoms or domains than on generic physical and
mental HRQoL scores [140, 141]. Future studies should also incorporate disease-specific domains

as outcome measure.
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The most important limitation of this meta-analysis is the high heterogeneity among studies.
High heterogeneity remained despite several subgroup analyses, emphasizing the clinical and
methodological diversity among studies. However, this systematic review and meta-analysis
provides a detailed overview of current literature on HRQoL of home dialysis patients across the
world, while previous reviews were unable to provide such a detailed insight [25-27]. Another
limitation was that only three studies focused on HHD, illustrating the knowledge gap regarding
this modality.

In conclusion, although pooled data in this meta-analysis show marginally better physical
HRQoL for home dialysis patients; the quality of design of the included studies is poor and large
heterogeneity among studies exist. Therefore, no definitive conclusions on HRQoL of patients
treated with home dialysis can be drawn. Large prospective studies with adequate follow-up
and adjustments for confounders are necessary to evaluate HRQoL of home dialysis patients.
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Supplemental material

Supplemental table S1. Search strings for Cochrane, EMBASE, and Pubmed databases

Database Search

Cochrane

EMBASE

Pubmed

(((hemodialys*:ab,ti,kw OR haemodialys*:ab,ti,kw OR “hemo-dialys*”:ab,ti,kw OR
“haemo-dialys*”:ab,ti,kw OR “renal dialys*”:ab,ti,kw OR “dialysis modalit*”:ab,ti,kw OR
“artificial kidney*”:ab,ti,kw) AND (home:ab,ti,kw OR homebased:ab,ti,kw)) OR “peritoneal
dialys*”:ab,ti,kw OR “peritoneum dialys*”:ab,ti,kw)

AND

(“patient reported outcome”:ab,ti,kw or “life qualit*”:ab,ti,kw or “quality of life”:ab,ti,kw

or gol:ab,ti,kw or hrgl:ab,ti,kw or hrqol:ab,ti,kw or “SF 36”:ab,ti,kw or SF36:ab,ti,kw or

“SF 12”:ab,ti,kw or SF12:ab,ti,kw or “short form 36™:ab,ti,kw or “short form 12”:ab,ti,kw or
“EQ5D*:ab,ti,kw or EQ5D™:ab,ti,kw or “Quality Adjusted Life”:ab,ti,kw or QALY:ab,ti,kw or
QALYs:ab,ti,kw or QALE:ab,ti,kw)

Search dates from 1 January 2007 until 1 January 2019

(‘peritoneal dialysis’/exp OR ‘home dialysis’/exp OR (‘hemodialysis’/de OR ‘artificial kidney’/
exp OR hemodialys*:ab,ti OR haemodialys*:ab,ti OR ‘hemo-dialys*:ab,ti OR ‘haemo-
dialys*:ab,ti OR ‘renal dialys*:ab,ti OR (dialysis NEAR/3 modalit*):ab,ti OR ‘artificial
kidney*":ab,ti AND (home:ab,ti OR homebased:ab,ti)) OR ‘peritoneal dialys*’:ab,ti OR
(peritoneum NEAR/3 dialys™):ab,ti)

AND

(‘patient-reported outcome’/exp OR ‘quality of life’/exp OR ‘patient reported outcome”ab,ti
OR life AND qualit*:ab,ti OR ‘quality of life”:ab,ti OR gol:ab,ti OR hrgl:ab,ti OR hrgol:ab,ti OR
‘sf36":ab,ti OR sf36:ab,ti OR ‘sf 12%:ab,ti OR sf12:ab,ti OR ‘short form 36:ab,ti OR ‘short form
12":ab,ti OR ‘eq 5d*":ab,ti OR eq5d*:ab,ti OR ‘quality adjusted life”:ab,ti OR galy:ab,ti OR
qgalys:ab,ti OR gale:ab,ti)

Search dates from 1 January 2007 until 1 January 2019

(“Peritoneal Dialysis”[Mesh] OR “Hemodialysis, Home”[Mesh] OR ((“Renal
Dialysis”[Mesh:noexp] OR “Kidneys, Artificial” [Mesh] OR hemodialys*[tiab] OR
haemodialys*[tiab] OR hemo-dialys*[tiab] OR haemo-dialys*[tiab] OR renal dialys*[tiab] OR
dialysis modalit*[tiab] OR artificial kidney*[tiab]) AND (home[tiab] OR homebased|tiab])) OR
peritoneal dialys*[tiab] OR peritoneum dialys*[tiab])

AND

(“Patient Reported Outcome Measures”[Mesh] OR “Quality of Life”[Mesh] OR “Quality-
Adjusted Life Years”[Mesh] OR “patient reported outcome”[tiab] OR life qualit*[tiab] OR
“quality of life”[tiab] OR qol[tiab] OR hrgl[tiab] OR hrqol[tiab] OR SF 36[tiab] OR SF36[tiab] OR
SF 12[tiab] OR SF12[tiab] OR short form 36[tiab] OR short form 12[tiab] OR EQ 5D*[tiab] OR
EQ5D*[tiab] OR Quality Adjusted Life[tiab] OR QALY[tiab] OR QALYs|[tiab] OR QALE[tiab])
Search dates from 21 November 2007 until 1 January 2019
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Supplemental table S2. HRQoL questionnaires

Questionnaire Content
Short Form Health Survey The long version of the SF (SF-36) consists of eight domains: Physical
(SF) functioning, Role-physical, Bodily pain, General health, Vitality, Social

function, Role-emotional, and Mental health [1]. These domains are
summarized in the Physical Component Summary (PCS) and Mental
Component Summary (MCS). The shorter version of the SF (SF-12) only
reports the PCS and MCS [2]. The SF questionnaires are the most widely used
3.
Kidney Disease Quality Of The long version of the KDQOL (KDQOL-SF) consist of the SF-36 questionnaire
Life Instrument (KDQOL)  and the following kidney disease specific domains: Symptoms, Effects of
kidney disease, Burden of kidney disease, Work status, Cognitive function,
Quiality of social interaction, Sexual function, Sleep, Social support, Dialysis
staff encouragement, and Patient satisfaction [4].
The short version of the KDQOL (KDQOL-36) consists of the SF-12 and the first
three kidney disease specific domains (Symptoms, Effects of kidney disease,
and Burden of kidney disease).
EuroQol-5D The EuroQol-5D (EQ-5D) is a short questionnaire that can be used to calculate
(EQ-5D) quality adjusted life years (QALYs) and reports on the following domains:
mobility, self-care, usual activities, pain/discomfort, and anxiety/depression.
The EQ-5D is widely used in cost-effectiveness research [5].
World Health Organization The World Health Organization Quality of Life (WHOQOL) has developed
Quiality of Life the WHOQOL-BREF questionnaire which measures four domains (physical
(WHOQOL-BREF) health, psychological, social relationships, and environment) and an overall
assessment of quality of life and general health [6].
1. Ware JE, Snow KK, Kosinski M, Gandek B. SF-36 Health Survey: Manual and Interpretation Guide. Boston,
MA: The Health Institute, New England Medical Center; 1993.
2. Ware JE, Kosinski MM, Keller SD. A 12-Item Short-Form Health Survey: Construction of Scales and
Preliminary Tests of Reliability and Validity. Medical Care. 1996;34:220-233.
3. Wyld M, Morton RL, Hayen A, et al. A Systematic Review and Meta-Analysis of Utility-Based Quality of Life
in Chronic Kidney Disease Treatments. PLOS. 2012;9(9):1-10.
4. Hays RD, Kallich JD, Mapes DL, Coons SJ, Carter WB. Development of the Kidney Disease Quality of Life
(KDQOL) instrument. Qual Life Res. 1994; 3:329-338.
5. Versteegh MM, Vermeulen KM, Evers SMAA, et al. Dutch Tariff for the Five-Level Version of EQ-5D. Value
in Health. 2016;19:343-352.
6. WHOQOL Group. Development of the World Health Organization WHOQOL-BREF Quality Of Life
Assessment. Psychological Medicine. 1998;28:551-558.
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Supplemental table S3. Criteria used in Risk of Bias assessment

Criteria + ? -

Design +RCT or cohort study - cross-sectional study
Patient +clear description setting  ?insufficient data to -no clear description setting
selection and selection process, estimate risk of bias and selection process,

selection criteria mentioned
and response 270%

Comparability + matched controls or
comparable baseline for
age, comorbidities, dialysis
vintage

+self-reported HRQoL or
trained interviewer

Outcome

Confounding + Adjusted analyses or

stratified presentationin

results
Follow-up +follow-up >6 months and
<30% loss in the first year,
with non-selective reasons
Selective +all pre-defined HRQoL
reporting scores in protocol or

methods section are
reported

Overall (risk  low: 24 plus signs in above

?insufficient data to
estimate risk of bias

?insufficient data to
estimate risk of bias

?insufficient data to
estimate risk of bias

NA not applicable

?insufficient data to
estimate risk of bias

moderate: 3 plus signs in
above mentioned elements

of bias) mentioned elements
or 1-2 plus signs with =1
question mark
Conflict of +mentioned, non-conflicted ? not-mentioned
interest

selection criteria not
mentioned and response
<70%

- non-matched or non-
comparable groups

-no clear protocol for
interview or administering
questionnaire

- confounding factors not
mentioned or only as part of
discussion

- follow-up <6 months and
>30% loss in the first year

-notall pre-defined scores
are reported

high: <2 plus signs in above
mentioned elements

- mentioned and conflicted
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Supplemental table S4. Critical appraisal of 41 studies

Al Wakeel, 2012 - + ? + + NA + Low ?
Alvares, 2012 - + - + + NA + Low +
Atapour, 2016 - + + ? + NA + Low ?
Barata, 2015 - ? ? ? - NA ? Moderate ?
Basok, 2009 - ? ? + - NA + Moderate ?
Baykan, 2012 - ? ? ? - NA + Moderate +
Borowiak, 2009 - ? ? - ? NA + Moderate ?
Brown, 2010 - + + + NA + Low -
Bujang,2015and - + + + - NA + Low +
Liu, 2014

Chen, 2017 - + ? + + NA + Low +
Chkhotua, 2011 and - + - NA - Moderate ?
Maglakelidze, 2011

Czyzewski, 2014 - ? ? + NA - Moderate ?
Da Silva-Gane, 2012 + + - + + + - Low +
De Fijter, 2018 - + - + + NA + Low +
Fructuoso, 2011 - ? - - + NA + High ?
Garcia-Llana, 2013 - + - ? NA + Moderate -
Ginieri-Coccossis, - ? + + NA + Moderate +
2008

Goncalves, 2015 - ? ? - - NA - High ?
Griva, 2014 and - + - + + NA + Low +
Yang, 2015

Giinalay, 2018 - ? - ? - NA + High ?
Ibrahim, 2011 - + ? - NA ? High ?
lkonomou, 2015 - + ? + + NA + Low +
lyasere, 2016 - + + + + NA + Low -
Kang, 2017 - ? + ? + NA + Moderate +
Kim, 2013 - + ? + ? NA - Moderate ?
Kontodimopoulos, - + + + + NA + Low ?
2008 and 2009

Nakayama, 2015 - + + - NA + Low -
Neumann, 2018 + ? + + + Low +
Okpechi, 2013 - - - - - NA + High ?
Oren, 2013 - + - + NA - High ?
Painter, 2012 + + + + + + Low +
Ramos, 2015 - + + + + NA + Low ?
Ruiz de Alegria + + + + + + - Low +
- Fernandez de

Retana, 2013

Tannor, 2017 - + - + - NA + Moderate +
Theofilou, - + ? - NA ? High ?
2011 and 2013

Turkmen, 2012 - + + ? - NA - Moderate +
Watanabe, 2014 - ? + + - NA + Moderate +
Wright, 2015 - + ? + - NA + Moderate +
Wu, 2013 - ? + + - NA + Moderate +
Ying, 2014 - + ? - - NA - High ?
Yongsiri, 2014 - ? + ? - NA + Moderate +
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Supplemental figure S1. Meta-analysis of Health-Related Quality of Life in different questionnaires
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Supplemental figure S2. Meta-analysis of Health-Related Quality of Life in different age categories
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Abstract

Background More than 6200 End-Stage Renal Disease patients in the Netherlands are dependent
on dialysis, either performed at home orin a dialysis center. Visiting a dialysis center three times a
week is considered a large burden by many patients. However, recent data regarding the effects
of dialysis at home on quality of life, clinical outcomes, and costs compared with in-center
hemodialysis are lacking.

Methods The Dutch nOcturnal and hoME dialysis Study To Improve Clinical Outcomes
(DOMESTICO) is a nationwide, prospective, observational cohort study that will include adult
patients starting with a form of dialysis. Health-related quality of life, as the primary outcome,
clinical outcomes and costs, as secondary outcomes, will be measured every 3-6 months in
patients on home dialysis, and compared with a control group consisting of in-center hemodialysis
patients. During a 3-year period 800 home dialysis patients (600 peritoneal dialysis and 200 home
hemodialysis patients) and a comparison group of 800 in-center hemodialysis patients will be
included from 53 Dutch dialysis centers (covering 96% of Dutch centers) and 1 Belgian dialysis
center (covering 4% of Flemish centers).

Discussion DOMESTICO will prospectively investigate the effect of home dialysis therapies
on health-related quality of life, clinical outcomes and costs, in comparison with in-center
hemodialysis. The findings of this study are expected to ameliorate the shared decision-making
process and give more guidance to healthcare professionals, in particular to assess which type
of patients may benefit most from home dialysis.

Trial registration The DOMESTICO study is registered with the National Trial Register on https://

www.trialregister.nl/trial/6519 (number: NL6519, date of registration: 22 August 2017) and the
Central Committee on Research Involving Human Subjects (CCMO) (number: NL63277.029.17).
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Introduction

In the Netherlands, over 6200 patients with End-Stage Renal Disease (ESRD) are dependent on
dialysis, and over the past 15 years, the number of dialysis patients has increased by more than
20% [1-3]. The burden of dialysis is high and the health-related quality of life (HRQoL), which is
presently considered to be the most important outcome parameter in dialysis patients, is much
worse than that of healthy people [4]. As patient survival is poor, with a median five-year survival
rate of only 45%, optimizing HRQoL is of great importance for this growing group of patients [5, 6].

Besidesitsimpacton HRQoL, dialysisisalso an expensive treatment. Inthe Netherlands, the estimated
costs are approximately 570 million euro per year (639 million US dollars) and are still increasing
[Personal communications, G.A. De Wit, National Institute for Public Health and the Environment,
2019]. This makes dialysis by far the highest cost-consuming treatment in internal medicine, not
only calculated perindividual patient, but also if total treatment costs are taken into account [7].

Home dialysis has a potential positive effect on HRQoL because it offers flexibility to patients
and greater freedom [8]. Moreover, home dialysis is possibly a more cost-effective therapy if less
nursing staff is needed, when patients perform their treatment autonomously or with help of
an informal caregiver. Despite these potential advantages, currently more than 80% of dialysis
patients are treated with in-center hemodialysis (ICHD). Furthermore, the percentage of patients
treated with home dialysis is steadily decreasing in the Netherlands, from 32% in 2002 to 18%
in 2018. This decline is mainly attributable to a reduction in the number of patients performing
peritoneal dialysis (PD), the main home based therapy, with 1519 PD patients (30% of total dialysis
patients) in 2002 versus 894 PD patients (14% of total dialysis patients) in 2018 [1].

Available evidence regarding the effects of home dialysis compared with ICHD on HRQoL, a Patient
Reported Outcome (PRO), is limited. Most studies have a cross-sectional design and lack adequate
correction for confounding among dialysis groups [9-38]. Also, the characteristics of patients
starting with some kind of home dialysis treatment have changed remarkably over the past years.
Previously, those patients were typically young, working people with little comorbidities, whereas
during the last years the general home dialysis population is older and often suffers from multiple
comorbidities [2]. This could influence clinical outcomes such as mortality and hospitalization
rate. Finally, there are limited data available regarding the cost-effectiveness of home dialysis.

To investigate the effect of home dialysis on HRQoL, clinical outcomes, and costs, the Dutch
nOcturnal and hoME dialysis Study To Improve Clinical Outcomes (DOMESTICO) has been initiated.
The aim of this study is to compare HRQol, clinical outcomes, and cost-effectiveness of home
dialysis with ICHD. The hypothesis is that home dialysis is associated with better HRQoL, at least
comparable clinical outcomes and lower costs, compared to ICHD.

213




Chapter 10

Methods

Study design

DOMESTICO is a nationwide, prospective, observational cohort study comparing home dialysis
with ICHD. The maximum follow-up period of the study is 48 months. At present, 53 Dutch
dialysis centers (covering 96% of Dutch centers) and 1 Belgian dialysis center have agreed to
recruit patients (Figure 1). The study is conducted according to the principles of the Declaration

of Helsinki and in accordance with the Medical Research Involving Human Subjects Act (WMO).

Figure 1. Participating centers

The red dots indicate the participating centers: 53 Dutch dialysis centers (covering 96% of Dutch centers)
and 1 Belgian dialysis center.
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Study population

All patients, aged 18 years and older, with ESRD that start with a form of dialysis in the participating
centers, between December 2017 and December 2020, are eligible for this study. These patients
are allowed to have a history of renal replacement therapy (RRT), however they have to (re)start
dialysis during the study period for example due to kidney transplant failure (with or without
previous dialysis). All these patients are defined as ‘incident patients’. Prevalent dialysis patients,
and patients with a life expectancy shorter than 3 months or an expected kidney transplantation
within 3 months, are excluded. Patients have to provide written informed consent before
participating in the study.

Inclusion

Patients are included in the period within four weeks before to four weeks after start of dialysis. If
patients are missed for inclusion within this timeframe (for example, due to acute start of dialysis),
they can be included at 3 months (+ 2 weeks) after start of dialysis. Start of dialysis is defined as
the first PD session performed at (a nursing) home (excluding PD-training) or, in case of ICHD, the
first hemodialysis session performed in a center (excluding continuous RRT).

The first patient was included in December 2017 and the study has currently started in 45 centers
with 338 participating patients (Figure 2).

Figure 2. Participating patients
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(Early) termination

For each participating patient, the study ends on 20 December 2021. Early study termination
occurs if the patient withdraws from the study or stops dialysis treatment. Reasons to stop dialysis
include kidney transplantation, recovery of kidney function, the wish to stop dialysis, or death.

Outcomes

Primary outcome parameter

The primary outcome parameter is the patient’s HRQoL, a PRO, determined with the 12-item Short
Form (SF-12) health survey and the Dialysis Symptom Index (DSI) [39, 40]. These questionnaires
were carefully selected as Patient Reported Outcome Measures (PROMs) in nephrological care
by the Dutch Kidney Patients Association, the Dutch Federation for Nephrology, Nefrovisie (the
Dutch Quality Institute for Nephrology), and Leiden University Medical Center [41, 42].

The SF-12 is the shorter version of the Short Form-36 (SF-36), one of the most widely used surveys
to assess HRQoL [43,44]. The SF-36 consists of eight domains: Physical functioning, Role-physical,
Bodily pain, General health, Vitality, Social function, Role-emotional and Mental health. These
domains are summarised in the Physical Component Summary (PCS) score and the Mental
Component Summary (MCS) score. In the SF-12 these summary scores are calculated from the
12 mostimportant questions (explaining ~90% variance) of the SF-36 questionnaire [39, 45]. As the
average difference in summary scores between SF-36 and SF-12 is quite small, for time-efficiency
reasons, the SF-12 can be used reliably in cohort studies [46].

The DSl consists of 30 questions evaluating the severity of symptoms relevant to dialysis and ESRD

patients (Table 1). Patients report the level of burden of specific symptoms on a 5-point Likert
scale, options range from ‘not at all bothersome’ to ‘very bothersome’ [40].
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Table 1. Items Dialysis Symptom Index

1. Constipation 16. Chest pain

2. Nausea 17. Headache

3. Vomiting 18. Muscle soreness

4. Diarrhoea 19. Difficulty concentrating
5. Decreased appetite 20. Dry skin

6. Muscle cramps 21. Itching

7. Swelling in legs 22. Worrying

8. Shortness of breath 23. Feeling nervous

9. Lightheadedness or dizziness 24. Trouble falling asleep
10. Restless legs or difficulty keeping legs still 25. Trouble staying asleep
11. Numbness or tingling in feet 26. Feeling irritable

12. Feeling tired or lack of energy 27. Feeling sad

13. Cough 28. Feeling anxious

14. Dry mouth 29. Decreased interest in sex
15. Bone or joint pain 30. Difficulty becoming sexually aroused

Secondary outcome parameters
Secondary outcome parameters are hospitalization, mortality, other clinical parameters, costs,
and technique failure.

The cause of each hospitalization episode will be categorized into the following categories (using

ICD-10 codes) [47]:

. Cardiac (including myocardial ischemia/infarction, cardiac arrest/arrhythmia, cardiac failure,
fluid overload/pulmonary edema, hemorrhagic pericarditis);

+  Vascular disease (including pulmonary embolus, stroke, cerebrovascular hemorrhage,
ruptured vascular aneurysm, mesenteric infarction, peripheral arterial disease);

. Infection, non-dialysis related (including bacteremia/sepsis, cardiac infection, HIV,
osteomyelitis, respiratory infection, urinary tract infection);

«  Dialysis related (including dialysis access infection, peritonitis, PD catheter leakage/
exchange/removal, fistula operation, renal fluid overload, bleeding);

+  Malignancy;

«  Bleeding, non-dialysis related (including intracranial bleeding, gastro-intestinal bleeding,
other causes of bleeding);

«  Othercauses.
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Mortality will be categorized into the following categories (using ERA-EDTA codes) [48]:

. Sudden death ‘with unknown cause’;

. Cardiac (including myocardial ischemia/infarction, cardiac arrest/arrhythmia, cardiac failure,
fluid overload/pulmonary edema, hemorrhagic pericarditis);

. Vascular (including pulmonary embolus, stroke, cerebrovascular hemorrhage, ruptured
vascular aneurysm, mesenteric infarction, peripheral arterial disease);

« Infectious, dialysis related (including dialysis access infection, peritonitis);

. Infectious, non-dialysis related (including bacteremia/sepsis, cardiac infection, HIV,
osteomyelitis, respiratory infection, urinary tract infection);

«  Malignancy;

«  Bleeding (including dialysis related bleeding, intracranial bleeding, gastro-intestinal
bleeding, other causes of bleeding);

«  Overall deterioration in clinical condition/stopping dialysis;

«  Othercauses.

Besides hospitalization and mortality, several clinical parameters will be recorded including blood
pressure and use of antihypertensive drugs, hemoglobin and use of erythropoiesis-stimulating
agents, phosphate levels and use of phosphate binders, vascular access parameters, and
nutritional status.

Direct healthcare costs, patient costs, and costs with regard to productivity losses will be
assessed with a subset of questions from the Institute for Medical Technology Assessment (iMTA)
Productivity Cost Questionnaire (iPCQ) and the iIMTA Medical Cost Questionnaire (iMCQ) [49, 50].
To capture all healthcare costs for the population under research a small number of disease
specific services are added to the standard iMCQ, e.g. home dialysis. Given the fact that many
patients need substantial help from close relatives, also use of informal care by patients will be
assessed. The costs related to the healthcare consumption, the dialysis procedures, the diagnostic
tests and (over-the-counter) medication will be derived from the patient’s medical chart during
the study. Unit costs will be derived from the Dutch manual for costing studies [51].

To further examine cost-effectiveness, the EuroQol-5D-5L (EQ-5D-5L) questionnaire will be used.
The EQ-5D-5L measures HRQoL on the following 5 domains: mobility, self-care, usual activities,
pain/discomfort, and anxiety/depression. Each domain has 5 levels of functioning, ranging from
‘no problems’ to ‘extreme problems’. The EQ-5D-5L also contains a visual analogue scale on which
the current health state can be indicated. The EQ-5D scores can be used to calculate utilities,
which describe HRQoL on a scale from 0 (dead) to 1 (perfect health). Utilities can be combined with
survival to calculate quality adjusted life years (QALYs). As outcome measure for cost-effectiveness,
the costs per additional QALY will be analysed [52, 53].
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All participating patients will also receive a self-management screening questionnaire (SeMaS) at
baseline, in order to investigate whether self-management can predict a successful home dialysis
treatment. This questionnaire shows the abilities and possible barriers for self-management by
asking questions about the burden of disease, locus of control, self-efficacy, social support, coping
style, anxiety, depression, and skills [54, 55]. Table 2 provides an overview of the moments when
participating patients will fill in the aforementioned questionnaires.

Table 2. Overview questionnaires

Visit SF-12 iPCQ EQ-5D-5L SeMas
and DSI and iMCQ

Baseline X X X X

At 3 and 6 months X X X

At 9 months and X

every 6 months thereafter

At 12 months and X X X

every 6 months thereafter

SF-12: Short Form-12; DSI: Dialysis Symptom Index; iPCQ: Institute for Medical Technology Assessment (iMTA)
Productivity Cost Questionnaire; iMCQ: iIMTA Medical Cost Questionnaire; SeMaS: self-management screening
questionnaire

Finally, technique failure rate of home dialysis, defined by a composite outcome of death or
transfer to ICHD, will be assessed. Both a 30-days and a 180-days definition of technique failure
will be used according to the minimum number of days the patient received ICHD after cessation
of home dialysis [56]. Permanent technique failure is defined by death or transfer to ICHD (using
the 180-days definition), or cessation of dialysis. Death-censored technique failure will be reported
separately. Transfer to kidney transplantation is not considered to be technique failure and will
also be reported separately [56].

Data collection

All study outcomes, except the SeMaS, will be assessed at baseline, after 3 months, 6 months,
and thereafter every 6 months until end of follow-up or end of the study (Table 2). Data will be
registered in case report forms (CRF). IBM Data Collection will be used as CRF. The database is
developed by Nefrovisie and follows the principles of Good Clinical Practice (i.e. it has an audit
trail, possibility for electronic signing, direct validation of inserted data, authorisation per form
and user). Nefrovisie will also host the database for the duration of the study. The database will
be archived for future research during 15 years after termination of the study.

Statistical analysis

All statistical analyses will be performed using statistical software such as SPSS and Stata.
Univariable and multivariable regression analysis will be conducted. In case of repeated measures,
multilevel analysis or generalized estimating equations will be applied. Possible confounders
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determined a priori are age, gender, marital status, level of education, work status, cause of renal
failure, prior RRT with dialysis vintage, comorbidities, albumin, body mass index, and protein
energy wasting. Cumulative incidence of hospitalization, mortality, and technique failure will be
reported in Kaplan Meier curves. In case of missing data, multiple imputation techniques will be
used to impute the missing values where appropriate.

Overall costs will be compared across the treatment groups and 95% confidence intervals will be
estimated using bootstrapping techniques. The cost-effectiveness of different dialysis modalities
will be determined using a state transition model. This model captures the changes in treatment
modality, including transplantation, over time. The results of the DOMESTICO study will be used
as input parameters for this model.

Sample size calculation

Forthe primary outcome HRQoL, obtained with the SF-12, a sample size of 350 patients is required.
To obtain a clinically relevant difference between groups of 3 points in the SF-12 summary scores,
after a median of 12 months follow-up, 175 patients per group are needed (assumed standard
deviation = 10 points, a =0.05, 3 = 0.20) [46, 57-59].

However, for the EQ-5D-5L, an important component for the secondary outcome cost-
effectiveness, a sample size of 1400 patients (700 patients per group) is needed. A difference of
0.03 - 0.07 points between groups after a mean follow-up of 12 months is considered clinically
relevant [44, 60, 61]. The standard deviation in dialysis groups ranges from 0.1 to 0.22 [62, 63].
Assuming a common standard deviation of 0.20 and the lowest, still clinically relevant score, a
total of 1400 patients (700 patients per group) will be sufficient to detect a difference of 0.03 points
in the EQ-5D-5L score between groups (a = 0.05, = 0.20).

When approximately 10% loss to follow up is taken into account, a group of 800 home dialysis
patients and a comparison group of 800 ICHD patients has to be included in order to have sufficient
power to analyze both outcomes. Since the ratio between PD patients and home hemodialysis
(HHD) patients in the Netherlands is expected to be 3:1 in future years, the home dialysis group
will consist of 600 PD and 200 HHD patients.
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Discussion

Dialysis has a great impact on the HRQoL of ESRD patients and dialysis is a very expensive
treatment. More than 80% of Dutch dialysis patients are treated with ICHD although home
dialysis could result in a better HRQoL and could be more cost effective. Therefore, we initiated
the DOMESTICO study, which will investigate the effects of home dialysis on HRQoL in relation to
clinical outcomes and costs, in comparison with ICHD. This nationwide cohort study will include
1600 incident dialysis patients over a period of 3 years. At time of submission of this manuscript,
338 patients have been included.

Although a randomized controlled trial (RCT) would yield the ultimate answer to our research
question, thisis not in accordance with the concept of shared decision-making. A patient’s choice
between home dialysis and ICHD is considered too fundamental, to let it be determined by chance.
Indeed, an RCT in the Netherlands comparing PD with ICHD conducted in the past, stopped early
due to poor patient recruitment; only 38 patients consented to be randomly assigned to either
PD or ICHD [64]. Hence, DOMESTICO is designed as a prospective, observational cohort study
collecting extensive parameters to correct for confounding by indication.

The results of this study will be of great importance for future ESRD patients when choosing a
treatment, as HRQoL is increasingly acknowledged by clinicians and patients as an important
aspectin the decision-making process. In addition, the results with respect to clinical outcomes
will ameliorate the shared decision-making process. Finally, the data could give more guidance
to healthcare professionals, in particular to assess which type of patients may benefit most from
home dialysis.
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Additional file 1. Local ethics committees/IRBs DOMESTICO
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Elisabeth-TweeSteden Hospital

Elyse Clinics

Erasmus Medical Center (MEC-2018-1419)
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Haaglanden Medical Center (2018-023)

HagaHospital (T18-114)

Hospital Gelderse Vallei (1901-002)

Isala (190101)
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Maasstad Academie (L2018072)
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Medical Center Leeuwarden (COV 305)

Northwest Clinics (L018-034)

OLVG Amsterdam (WO 18.041)

Radboudumc Technology Center Clinical studies

Reinier de Graaf Gasthuis (18-418)

Rode Kruis Hospital (Dialysiscenter Beverwijk) (18.006/dw)
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226



DOMESTICO: Rationale and design

University Medical Center Groningen (local approval for University Medical Center Groningen and
Dialysis Center Groningen) (2018/693)

University Medical Center Utrecht (18-096/R)

Viecuri Medical Center (394)

VU University Medical Center (2017.491)

Zaans Medical Center

Zuyderland (22018097)

This list contains the 44 (out of 53) local ethics committees from which approval for
DOMESTICO is obtained. For any future centers which will be included in our study, additional
ethical approval will be sought.
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Globally, 1 in 10 people have chronic kidney disease (CKD), which is currently the 10" leading
cause of death with 1.3 million deaths in 2019 [1, 2]. In the Netherlands, 2 million patients have
CKD of which more than 18,000 are end-stage kidney disease (ESKD) patients treated with kidney
replacement therapy [3, 4]. CKD patients face an intensive education process before choosing
an ESKD treatment option (i.e. kidney transplantation, dialysis, conservative care), with the final
choiceideally being a shared decision with their healthcare professional [5, 6]. When ESKD patients
start with a form of dialysis (i.e. hemodialysis (HD) or peritoneal dialysis (PD)), their morbidity and
mortality is high [7-14]. However, in both research and clinical practice, the focus is increasingly
shifting from traditional clinical outcomes (e.g. mortality) to patient reported outcomes (PROs),
such as health-related quality of life (HRQoL) [14-16]. These topics were addressed in this thesis.

In part I of this thesis, we focused on patient education and shared decision-making (SDM). Part 1l
looked at traditional clinical outcomes of dialysis, namely bleeding, hospitalization, PD technique
failure and peritonitis. Finally, in part lll, we looked at an important PRO, namely HRQoL. The
next chapter will place the results from the chapters in this thesis in a broader perspective and
make recommendations for future research.

Part I: Patient education and shared decision-making

Ideally, SDM, which combines the medical knowledge of a healthcare professional with the values
and preferences of an individual patient, forms the basis of the education process about ESKD
treatment options [5, 17-19]. Although SDM is recommended in many nephrology guidelines, a
large proportion of ESKD patients do not experience their decision as a shared one [20-23]. For
example, the use of implicit persuasion, which according to a recent study was often used during
the decision talk when the patient and healthcare professional choose the ESKD treatment option,
may affect SDM [24].

Patient decision aids (PDAs) have been developed to support the SDM process during ESKD
education. In the Netherlands, three PDAs are available, namely the 3 Good Questions, Option
Grids, and Dutch Kidney Guide [25-28]. However, it is unknown whether the Dutch PDAs have been
implemented to a sufficient extentin daily practice, since research on other PDAs has shown that
there are barriers to the implementation in daily practice [29].

In chapter 2, we conducted a survey on the use of the Dutch PDAs among 117 healthcare
professionals involved in ESKD education in 12 Dutch hospitals participating in the ‘Dutch
nOcturnal and hoME dialysis Study To Improve Clinical Outcomes’ (DOMESTICO), a multi-center
cohort study among incident dialysis patients in the Netherlands [30]. SDM was applied according
to 56% of professionals, but only 28% reported using the 3 Good Questions, 32% the Option
Grids, and 51% the Kidney Guide. In addition, 182 CKD patients with an eGFR <30 ml/min/1.73m?
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completed an SDM-Q-9 and collaboRATE questionnaire to assess the perceived degree of SDM
in their hospital [31-33]. On a scale of 0 - 100, the mean SDM-Q-9 score was 75+22 and the mean
collaboRATE score 86+14. A workshop, held at participating hospitals to provide healthcare
professionals with information regarding SDM and the 3 Dutch PDAs, did not change the SDM
scores of CKD patients. Hospitals with a high SDM score used the Option Grids and Kidney Guide
twice as often as hospitals with a low SDM score. In addition, hospitals with a high SDM score also
required fewer conversations during ESKD education, while they focused on all treatment options
and conducted home visits more often.

This survey showed that Dutch CKD patients and healthcare professionals are reasonably satisfied
with the extent of SDM during the education process regarding ESKD treatment options. However,
the use of specifically developed PDAs is limited. Future research should identify barriers to the
use of the 3 Dutch PDAs in order to implement them in daily practice to achieve an optimal shared
decision.

Stacey et al. argued that the implementation of PDAs depends on aspects such as the notion of
healthcare professionals that PDAs can improve their SDM skills, the willingness to use the PDAs,
and effective systemsin which they are used [34]. Often, the implementation of a so-called ‘good
practice’, “...a practice that has been proven to work well and produce good results, and is therefore
recommended as a model., poses no problem [35, 36]. Good practices have the advantage that
healthcare professionals are often eager to use them because these good practices are already
integrated in daily clinical care with positive experience. Chapter 3 presented the results of a
scoping review that identified and summarized 19 articles describing good practices for dialysis
education, treatment, and electronic health (eHealth).

The 12 articles with good practices for education endorsed the importance of providing complete
and objective predialysis education, assisting PD patients in adequately performing PD, educating
HD patients on self-management, and talking with dialysis patients about their prognosis. The
three articles with good practices for dialysis treatment focused mainly on dialysis access devices
and general quality improvement of dialysis care. Finally, four articles described good practices
regarding eHealth, which was useful for both HD and PD and affected quality of care and HRQoL.

As described in chapter 3, assisting patients with adequately performing PD is considered to
be a good practice. As the number of, particularly elderly, end-stage kidney disease patients
increases, this good practice appears to be becoming increasingly important since elderly often
cannot perform PD autonomously [37-40]. Studies indicate that up to 80% of elderly patients
need some degree of assistance while performing PD [41-44]. Assisted PD programs are available
in many European countries, but the percentage of patients actually receiving assisted PD varies
considerably [45-48]. Our survey among 288 healthcare professionals of European nephrology
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units, presented in chapter 4, showed that Western European and Scandinavian countries (OR
5.73; 95% confidence interval (Cl) 3.07 - 10.68), non-academic centers (OR 2.01; 95% C| 1.09 - 3.72)
and centers with a dedicated team for education (OR 2.87;95% Cl 1.35 - 6.11) were associated with
the availability of an assisted PD program at a center level. In addition, availability of an assisted
PD program was associated with a higher incidence (cumulative OR 1.91;95% CI 1.21 - 3.01) and
prevalence (cumulative OR 2.81; 95% ClI 1.76 - 4.47) of patients receiving dialysis at home (i.e.
PD and home HD). Especially among Western European and Scandinavian countries a higher
incidence and prevalence of home dialysis patients was reported.

Recently, a survey among nephrologists from 13 European countries also showed that education is
the mostimportantfactorin improving the availability of assisted PD, not only patient education,
but also education of healthcare professionals regarding the advantages of PD [49].

In conclusion, part I of this thesis has shown that the commitment of healthcare professionals and
availability of effective systems that incorporate good practices, such as an assisted PD program,
are vital for optimal patient education and shared decision-making.

Part Il: Traditional clinical outcomes of dialysis

When patients start dialysis, they often face the ‘traditional’ clinical outcomes, such as bleeding
and hospitalization, sometime during their treatment. Since HD and PD are completely different
treatments (see chapter 1 for an explanation of both treatments), it is important to investigate
the differences in these traditional clinical outcomes between the two dialysis treatments.

Our prospective study in chapter 5 showed that, in a group of 1,211 HD and 534 PD patients from
the ‘Netherlands Cooperative Study on the Adequacy of Dialysis” (NECOSAD), bleeding risk for
HD patients compared with PD patients was 1.5-fold (95% CI 1.0 - 2.2) increased. In addition, a
history of bleeding or the use of antiplatelet drugs or vitamin K antagonists led to highly increased
bleeding risks for hemodialysis patients with hazard ratios (HR) ranging from 1.7 - 3.0. From a
clinical perspective, these bleeding risks could be incorporated in the patient education and may
influence the choice for a specific dialysis modality.

Another traditional clinical outcome that could be incorporated in patient education and play a
role in choosing a particular dialysis modality is hospitalization. In addition to being an indirect
measure of morbidity and a risk factor for mortality, hospitalization also negatively affects HRQoL
[50-52]. Previous research on hospitalization of HD and PD patients was hampered by the fact that
most studies only analyzed data from patients who remained on their initial dialysis modality or
did not account for transitions between dialysis modalities [13, 53-58]. However, a transition from
one dialysis modality to another, for example from PD to HD, occurs frequently in daily practice.
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Our retrospective study in chapter 6, among 695 patients (252 PD, 443 HD) from the previously
mentioned DOMESTICO, accounted for changes in dialysis modality by examining hospitalization
rate with a multi-state model that attributed each hospitalization to the current dialysis modality.
Out of a total of 1.480 hospitalizations, the adjusted HR for hospitalization rate was 1.1 (95% Cl
1.02 - 1.3) for PD compared with HD. The risk for first hospitalization was 1.3 times (95% CI 1.1
- 1.6) higher for PD compared with HD during the first year after dialysis initiation, and 1.9 times
(95% ClI 1.4 - 2.5) higher for the period thereafter. The number of hospitalizations and number
of hospital days per patient-year were significantly higher for PD. The most common cause of
PD hospitalizations was peritonitis (23%). Beside the fact that, from a clinical perspective, the
hospitalization risks could be included in patient education and influence the choice of a specific
dialysis modality, this study underscores the importance of adequate infection prevention to
reduce the number of hospitalizations for PD patients.

As shown by our study in chapter 7, infections are also an important cause of PD technique failure,
which is defined as a transfer to HD for = 30 days, death on PD or death within 30 days after transfer
to HD [59]. In the retrospective DOMESTICO cohort, the 1- and 2-year technique failure rates among
695 PD patients were 29% and 52%, respectively. The median time to technique failure was 1.85
years. The 1- and 2-year death-censored technique failure rates were 23% and 35%, respectively.
In addition to death, PD-related infections were the most common cause of technique failure
(20%). Thus, infection prevention is of utmost importance to reduce the rate of technique failure.

Candida peritonitis is an example of a PD-related infection that results in a high technique failure
rate, as the International Society for Peritoneal Dialysis recommends immediate removal of the
PD catheter in case of Candida peritonitis and PD catheter replacement is often unsuccessful
[60-64]. In chapter 8, we described the results of a retrospective, single-center study in which a
treatment protocol consisting of an amphotericin B catheter lock combined with oral flucytosine
and intraperitoneal fluconazole was used. With the lock-based protocol, 7 of 11 non-relapse
Candida peritonitis episodes (64%) in 10 patients were cured without PD catheter removal, two
episodes (18%) required catheter removal, and two patients died (18%). This study demonstrated
that an amphotericin B lock-based protocol has the potential to cure Candida peritonitis without
PD catheter removal and thus prevent technique failure. However, this needs to be confirmed
by new studies with a control group, since previous studies have only investigated the use of
amphotericin B as a lock therapy in central venous catheters rather than PD catheters, and our
study has several limitations, such as being a retrospective study without control group in a single
center [65]. Until then, the lock-based Candida protocol could be used in patients who are not
severely ill and in whom removal of the PD catheter is not desirable.

In conclusion, part Il of this thesis has shown that the occurrence of certain ‘traditional’ clinical
outcomes differs between HD and PD, with a higher bleeding risk for HD patients but a higher
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hospitalization risk for PD patients, mainly related to infections. Moreover, PD-related infections
lead to a high PD technique failure rate, which calls for more attention to infection prevention
or a different approach to the treatment of specific PD-related infections, such as for Candida
peritonitis.

Part lll: Focus on Health-Related Quality of Life

During the last decade, both research and clinical practice have increasingly focused on PROs,
such as HRQoL [14-16, 66]. Since dialysis is a burdensome treatment, it seems highly relevant to
include the impact of a specific dialysis modality on HRQoL when choosing a particular dialysis
treatment. Many studies have examined the HRQoL of home dialysis (i.e. PD and home HD)
patients compared to in-center HD patients [67-69]. However, it was suggested that differences
in the countries where the studies were conducted and differences in practice patterns and local
cultures would influence HRQoL [70]. In chapter 9, we conducted a systematic review and meta-
analysis of the difference in HRQoL between home dialysis and in-center HD patients, with a
special focus on differences across the world.

Our meta-analysis of 4,158 home dialysis patients and 7,854 in-center HD patients showed a
marginally better physical HRQoL score in home dialysis patients compared to in-center HD
patients (standardized mean difference (SMD) 0.14; 95% CI 0.04 - 0.24), although heterogeneity
between studies was high (1>>80%). The HRQoL on the mental domain was not significantly
different between the two groups (SMD 0.06; 95% CI -0.03 - 0.15). A comparison among
subcontinents showed that patients on home dialysis in Western Europe had higher physical
HRQoL scores compared to in-center HD patients (SMD 0.39;95% CI 0.17 - 0.61), whereas patients
on home dialysis from Latin America had lower physical HRQoL scores (SMD -0.20; 95% CI -0.28
--0.12). This could be explained by differences in patient populations, as home dialysis patients
from Western Europe were younger [71-73], while home dialysis patients from Latin America were
unhealthierand in poorer condition than in-center HD patients [74, 75]. The HRQoL on the mental
domain showed no difference between subcontinents.

The high heterogeneity among studies was the most important limitation of our meta-analysis,
despite several subgroup analyzes. Therefore, large prospective studies with adequate
adjustments for confounders are necessary to establish whether home dialysis results in better
HRQoL. Such a study is the prospective part of DOMESTICO.

Chapter 10 described the rationale and design of this nationwide, prospective, observational
cohortstudy that will compare the HRQoL of adult patients on home dialysis with a control group
consisting of in-center HD patients. Secondary outcomes are clinical outcomes and costs. During
a 3-year period 800 home dialysis patients (600 PD and 200 home HD patients) and a comparison
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group of 800 in-center HD patients will be included from 56 Dutch dialysis centers (covering 96%
of Dutch centers) and 3 Belgian dialysis center (covering 4% of Flemish centers). The findings of
this study are expected to give more guidance to healthcare professionals, in particular to assess
which type of patients may benefit most from home dialysis. This will ameliorate the shared
decision-making process.

In conclusion, part Il of this thesis has shown that HRQoL is a relevant PRO. However, the effect
of different dialysis modalities on HRQoL is not yet clear, despite previous studies. The ongoing
DOMESTICO study will provide information on the effect of home dialysis therapies on HRQoL,
clinical outcomes and costs, compared to in-center HD.

Future research

Recently, results on HRQoL from the ‘Dialysis Outcomes and Practice Patterns Study’ (DOPPS) and
the ‘Peritoneal Dialysis Outcomes and Practice Patterns Study’ (PDOPPS) were published [76]. The
HRQoL scores of 1,626 HD patients and 909 PD patients from 6 countries, namely Australia, New
Zealand, Canada, Japan, the United Kingdom, and the United States of America, were compared.
What was remarkable was that significant intercountry differences were observed in the HRQoL
scores, making generalizability of the results beyond the studied countries impossible. Therefore,
the expected results of the prospective part of the DOMESTICO study will certainly be of interest
to the Dutch CKD population [30].

Since the initiation of DOMESTICO, two articles have already been published with some of the
results of the prospective study. Colombijn et al. showed in a cross-sectional analysis among a
subset of 162 patients participating in DOMESTICO that, three months after dialysis initiation,
the mean number of simultaneously prescribed types of medication was 12 [77]. After adjusting
for possible confounders, both physical and mental HRQoL scores were lower when patients
had a higher number of medications. Upon completion, DOMESTICO will provide longitudinal
data to assess whether these results can be confirmed, so that potential interventions aimed at
reducing the medication burden can be developed, taking into account the long-term outcomes
of dialysis patients.

The DOMESTICO study started in 2017 and is currently ongoing, so part of it ran during the peak of
the coronavirus disease 2019 (COVID-19) pandemic. To investigate what the impact of the COVID-19
pandemic was on the mental HRQoL of dialysis patients Bonenkamp et al. analyzed it among 177
patients [78]. Compared to 3-6 months before the start of the COVID-19 pandemic, mental HRQoL
scores remained the same during the first wave of the pandemic (February - July 2020). This could
indicate better coping of dialysis patients with the COVID-19 pandemic due to things like higher
resilience or the fact that the majority of the patients performed in-center HD (75%) so they were
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less socially isolated and could get more support from healthcare professionals. However, since
the first wave, the COVID-19 pandemic is still present. The prospective DOMESTICO study will
provide further insight into the long term impact of the COVID-19 pandemic on mental HRQoL.

The results of the prospective part of the DOMESTICO study are expected to affect the Dutch
CKD population, but attention should also be paid to informal caregivers of these patients.
Dialysis initiation more often leads to the occurrence of informal caregiver burden and informal
caregivers of dialysis patients experience a poorer quality of life than the general population [79,
80]. However, in the effort to provide patients with a form of home dialysis, informal caregivers are
very important in this regard [81, 82]. The DOMESTICO ‘Informal caregivers’ project will investigate
the effect of starting (home) dialysis on informal caregivers of dialysis patients [83]. The project will
look at both positive and negative experiences and quality of life, in particular focusing on possible
differences between informal caregivers of home dialysis patients and those of in-center HD
patients. With this information, informal caregivers of dialysis patients can be better supported.

As the age of dialysis patients in the Netherlands increases, it becomes more relevant to pay
attention to the special needs of elderly CKD and dialysis patients [84]. In recent years, the
‘Geriatric assessment in OLder patients starting Dialysis’ (GOLD) study showed that geriatric
impairments, such as impaired functional performance, immobility and frailty, were common
in a Dutch group of 196 dialysis and 89 conservative care patients aged 65 years and older [85].
Moreover, dialysis patients were hospitalized more frequently, while survival in dialysis patients
above 80 years was similar compared to conservative care patients [86]. For dialysis patients,
HRQoL did not seem to change during the first 6 months after dialysis initiation. De Rooij et al.
confirmed this result with data from the ‘European Quality’ (EQUAL) study [87]. These results
could play arole in the education process regarding ESKD treatment options for elderly, however

current evidence is limited.

Therefore, the ‘DIALysis or not: Outcomes in older kidney patients with GerlatriC Assessment’
(DIALOGICA) study was initiated in February 2020 [88]. This prospective, observational cohort
started will include patients aged = 65 years with an estimated glomerular filtration rate (eGFR) of
15-20 mL/min/1.73m?in the first stage of the study. Patients enter the second stage of the study
when dialysis is initiated or eGFR declines < 10 mL/min/1.73m?. In both stages nephrogeriatric
assessments will be performed annually. The study aims to compare HRQoL, clinical outcomes,
and costs between dialysis and conservative care patients.

Another study that will provide relevant information for the elderly patient is the ‘Optimising
Access Surgery in Senior Haemodialysis Patients’ (OASIS) study [89]. This multicenter randomized
controlled trial aims to determine the best vascular access for HD patients aged = 70 years,
as current data on vascular access is based only on observational studies. Patients will be
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randomized between receiving an autologous arteriovenous fistula, an arteriovenous graft, or a
central venous catheter. The number of access-related interventions per patient year between
the three treatment arms will be compared.

When ESKD patients in the Netherlands start dialysis, they are asked for permission to participate
in RENINE, a nationwide registry of patients receiving kidney replacement therapy [90]. In 2016,
RENINE incorporated a registry of patient reported outcome measures (PROMs), which are
questionnaires that investigate patients’ symptoms, functional status, and HRQoL [91]. Recently,
van der Willik et al. published an article containing data of 2978 dialysis patients from the RENINE/
PROMs registry. They showed that 50% of the patients suffer from pruritus and pruritus was
associated with worse HRQoL [92].

This thesis and all the ongoing studies show a shift towards PROs, which are incredibly important
outcomes. Therefore, more research with PROMs is needed in the future.
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Appendices

Nederlandse samenvatting

De nieren, twee boonvormige organen die zich achter de onderste ribben aan de rugzijde
bevinden, spelen een cruciale rol bij de regulatie van de hoeveelheid lichaamswater en de afvoer
van afvalstoffen uit het lichaam. Wanneer de nierfunctie gedurende meer dan drie maanden
verstoord is én dit gevolgen heeft voor de gezondheid, spreekt men van chronische nierschade
(CNS) [1, 2]. In Nederland heeft meer dan 12% van de bevolking CNS (2 miljoen mensen) [3].

Als CNS verergert richting eindstadium nierfalen, krijgen patiénten voorlichting over de
verschillende behandelopties, namelijk niertransplantatie, dialyse en conservatieve behandeling
[1,4]. De laatste jaren is er tijdens de voorlichting meer aandacht voor gedeelde besluitvorming,
oftewel Samen beslissen, zodat patiénten alle voor- en nadelen van de behandelingen kunnen
afwegen, maar dat ook hun voorkeur en waarden en normen worden meegenomen in de
uiteindelijke beslissing. Het model voor Samen beslissen is in 1972 voor het eerst beschreven
en sindsdien verder ontwikkeld waarbij het de volgende gesprekken omvat: keuzegesprek,
optiegesprek en besluitvormingsgesprek (Figuur 1) [5].

Zoals weergegeven in figuur 1 zijn er ook 3 keuzehulpen om het Samen beslissen-proces te
ondersteunen: de 3 Goede Vragen, de consultkaarten en de Nierwijzer.

De 3 Goede Vragen zijn: (1) ‘Wat zijn mijn mogelijkheden?’, (2) ‘Wat zijn de voordelen en nadelen
van die mogelijkheden?’ en (3) ‘Wat betekent dat in mijn situatie?’ [6].

De consultkaarten bevatten antwoorden op veel gestelde vragen van patiénten over bepaalde
behandelopties. Er zijn twee consultkaarten beschikbaar: (1) ‘Blijvende schade aan uw nieren:
nierfunctievervangende behandeling of conservatieve behandeling’ en (2) ‘Blijvende schade aan
uw nieren: mogelijkheden voor een nierfunctievervangende behandeling’ [7].

De Nierwijzer is een website met filmpjes van ruim 40 patiénten die behandeld worden met

niertransplantatie, dialyse of conservatieve behandeling. In deze filmpjes vertellen patiénten
over de impact van de behandelingen op hun dagelijks leven (bijv. werk, vakantie) [8].
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Figuur 1. Gesprekken tijdens proces van Samen beslissen (bron: Nierpatiénten Vereniging Nederland).
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Sinds september 2021 is er een Nederlandse campagne over Samen beslissen, waarbij het doel is
om Samen beslissen te stimuleren door patiénten en verzorgers gesprekken te laten voorbereiden,
vragen te laten stellen en beter te laten luisteren.

Elk jaar ontwikkelen in Nederland ongeveer 2.000 patiénten eindstadium nierfalen [9]. In 2021
werden 6.248 Nederlanders behandeld met een vorm van dialyse, namelijk hemodialyse (dialyse
via de bloedbaan) of peritoneale dialyse (buikdialyse) [10].

Bij hemodialyse (afgekort tot HD) wordt een verbinding gemaakt tussen de bloedvaten van de
patiént en een dialysemachine. Het bloed van de patiént stroomt door de kunstnier en daar
worden de afvalstoffen en overtollig lichaamswater uit het bloed verwijderd. HD kan worden
uitgevoerd in een ziekenhuis of dialysecentrum (centrumdialyse), maar kan ook thuis worden
gedaan. Centrumdialyse wordt door een verpleegkundige gedaan, terwijl thuisHD wordt gedaan
door de patiént zelf, een mantelzorger of een verpleegkundige. HD vindt meestal 3x per week
gedurende 4 uur plaats, maar kan ook ‘s nachts worden uitgevoerd (nachtdialyse). CentrumHD
heeft voordelen, zoals professionele zorg en sociaal contact met andere patiénten tijdens de
dialyse. CentrumHD heeft echter ook nadelen, omdat patiénten hun vochtinname moeten
beperken, ze een ‘dialyse kater’ kunnen krijgen en ze reistijd hebben van én naar het ziekenhuis.

Bij peritoneale dialyse (afgekort tot PD) worden afvalstoffen en overtollig lichaamswater uit
het bloed verwijderd via het buikvlies van de patiént. Hiervoor laat men dialysevloeistof in de
buikholte lopen via een buikkatheter, de PD-katheter. PD wordt meestal thuis uitgevoerd door
de patiént zelf, en soms door een partner, mantelzorger of verpleegkundige van de thuiszorg.
Wanneer een patiént hulp krijgt bij het uitvoeren van PD, wordt dit ‘geassisteerde PD’ genoemd.
PD heeft voordelen, zoals zelfstandigheid van de patiént en minder ziekenhuisbezoeken. PD kent
echter ook complicaties, zoals kans op een buikvliesontsteking (PD peritonitis) of de mogelijkheid
dat het buikvlies niet goed meer werkt waardoor PD gestaakt moet worden (PD membraanfalen).

Tijdens de laatste decennia zijn er veel studies gedaan naar het risico op ziekte of overlijden van
dialysepatiénten. Dialysepatiénten hebben een hoog risico op ziekte zoals hart- en vaatziekten,
tevens overlijdt meer dan 50% van de patiénten binnen 5jaar na start van dialyse [11-14]. De laatste
jaren is er echter een toenemende vraag naar studies die patiéntgerapporteerde uitkomsten
onderzoeken, zoals gezondheidsgerelateerde kwaliteit van leven [15, 16]. Dialysepatiénten hebben
namelijk een slechte kwaliteit van leven. Het uitvoeren van thuisdialyse, d.w.z. PD of thuis HD, heeft
potentiéle voordelen zoals behoud van autonomie en flexibiliteit, minder ziekenhuisbezoeken en
de mogelijkheid om professionele of sociale activiteiten uit te voeren, wat zou kunnen bijdragen
aan een betere kwaliteit van leven. Recente gegevens over de effecten van thuisdialyse op
gezondheidsgerelateerde kwaliteit van leven, klinische uitkomsten en kosten in vergelijking met
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centrumdialyse ontbreken echter. Daarom startten wij in 2017 met de ‘Dutch nOcturnal and hoME
dialysis Study To Improve Clinical Outcomes (DOMESTICO)’ (Figuur 2).

Figuur 2. Overzicht van de ‘Dutch nOcturnal and hoME dialysis Study To Improve Clinical Outcomes
(DOMESTICO)".

PROMs: patient reported outcome measures; vragenlijsten betreffende kwaliteit van leven.

DOMESTICO bestaat uit 3 deelprojecten. Ten eerste, DOMESTICO retrospectief waarbij gegevens
worden verzameld van volwassen patiénten (= 18 jaar) die tussen 1 januari 2012 en 1 januari
2017 zijn gestart met een dialysebehandeling (d.w.z. PD of HD) in 41 Nederlandse ziekenhuizen.
In deze deelstudie worden de oorzaken en beinvloedbare factoren van techniek falen van
thuis- en nachtdialyse onderzocht. Daarnaast worden de klinische uitkomsten (waaronder
ziekenhuisopname en overlijden) van thuis- en nacht-dialysepatiénten vergeleken met die van
centrumdialyse-patiénten.

Ten tweede, DOMESTICO prospectief, dat op 22 december 2017 van start is gegaan, waarbij
patiénten worden geincludeerd die starten met dialyse in 59 centra verspreid over Nederland en
Belgié. Het belangrijkste doel is om het effect van thuisdialyse op de gezondheidsgerelateerde
kwaliteit van leven te bepalen in vergelijking met centrumdialyse. Andere doelen zijn; 1) het
uitvoeren van een kosten-effectiviteitsanalyse van thuisdialyse in vergelijking met centrumdialyse;
2) het bepalen van de klinische uitkomsten van thuisdialyse, met name ziekenhuisopname en
overlijden, in vergelijking met centrumdialyse en het identificeren van beinvloedbare factoren.

Ten derde, het implementatieproject ‘Goede praktijkvoorbeelden en Samen beslissen’
dat heeft plaatsgevonden tussen januari 2018 en mei 2019. Dit project had als doel om het
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voorlichtingstraject over de behandelopties bij eindstadium nierfalen te verbeteren door het
toepassen van goede praktijkvoorbeelden en Samen beslissen. Het project werd uitgevoerd
in 12 Nederlandse ziekenhuizen. Er werden verschillende producten ontwikkeld, zoals een
workshop “Samen beslissen: van voorlichting naar dialoog” waarin Samen beslissen en de 3
eerder beschreven keuzehulpen werden besproken, een nierfalen-zorgpad en verschillende
protocollen met goede praktijkvoorbeelden.

Het doel van dit proefschrift is om verder inzicht te verschaffen in (1) patiéntenvoorlichting
en Samen beslissen, (2) traditionele klinische uitkomsten van dialyse zoals bloedingen,
ziekenhuisopnames, techniek falen en PD peritonitis, en (3) een belangrijke patiéntgerelateerde
uitkomst; gezondheidsgerelateerde kwaliteit van leven. Dit proefschrift bevat artikelen met de
eerste resultaten van DOMESTICO retrospectief en het implementatieproject.

Deel I: Patiéntenvoorlichting en Samen beslissen

Idealiter vormt Samen beslissen, waarbij de medische kennis van de zorgverlener wordt
gecombineerd met de waarden en voorkeuren van de individuele patiént, de basis van het
voorlichtingsproces over de behandelopties bij eindstadium nierfalen [4, 17, 18]. Hoewel Samen
beslissen in veel Nefrologische richtlijnen wordt aanbevolen, heeft een groot deel van de patiénten
niet het idee dat dit daadwerkelijk wordt toegepast [19, 20]. Zoals reeds eerder beschreven, zijn
er in Nederland 3 keuzehulpen om het Samen beslissen-proces te ondersteunen: de 3 Goede
Vragen, de consultkaarten en de Nierwijzer [6-8]. Het is echter onbekend of deze keuzehulpen
daadwerkelijk worden gebruikt, aangezien uit onderzoek naar andere keuzehulpen is gebleken
dater barriéres zijn voor toepassing van keuzehulpen in de dagelijkse praktijk [21].

In hoofdstuk 2 beschreven we een enquéte over het gebruik van de Nederlandse keuzehulpen
onder 117 zorgverleners uit 12 Nederlandse ziekenhuizen. Samen beslissen werd volgens 56% van
de zorgverleners toegepast, maar slechts 28% gaf aan de 3 Goede Vragen te gebruiken, 32% de
consultkaarten en 51% de Nierwijzer. Daarnaast vulden 182 CNS-patiénten vragenlijsten in over de
mate waarin zij Samen beslissen hadden ervaren. Op een schaalvan 0 - 100 (hoe hoger de score
hoe beter het Samen beslissen wordt ervaren) was de ene gemiddelde Samen beslissen-score 75
en de andere score 86. Een workshop over Samen beslissen en de 3 Nederlandse keuzehulpen,
gegeven aan zorgverleners in de deelnemende ziekenhuizen, gaf geen verandering van de
Samen beslissen-scores van de CNS-patiénten. Ziekenhuizen met een hoge Samen beslissen-
score gebruikten de consultkaarten en de Nierwijzer twee keer zo vaak als ziekenhuizen met een
lage Samen beslissen-score. Daarnaast hadden ziekenhuizen met een hoge Samen beslissen-
score ook minder gesprekken tijdens de nierfalen voorlichting, terwijl zij zich wel richtten op alle
behandelopties en er vaker een huisbezoek werd gedaan.
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Deze enquéte toonde dat Nederlandse CNS-patiénten en zorgverleners redelijk tevreden zijn over
de mate van Samen beslissen tijdens de nierfalen voorlichting, maar dat het gebruik van speciaal
ontwikkelde keuzehulpen beperkt is. Toekomstig onderzoek moet zich richten op de barriéres
voor het gebruik van de Nederlandse keuzehulpen.

Eerder onderzoek naar andere keuzehulpen toonde dat het belangrijk is dat zorgverleners bereid
zijn 6m ze te gebruiken én dat er effectieve zorgsystemen zijn waarin ze worden gebruikt [22].
In tegenstelling tot keuzehulpen, hebben ‘goede praktijkvoorbeelden’ ("...a practice that has
been proven to work well and produce good results, and is therefore recommended as a model.’)
het voordeel dat zorgverleners ze graag gebruiken omdat ze al met positieve ervaringen in de
dagelijkse praktijk zijn ingevoerd [23, 24]. Hoofdstuk 3 presenteerde de resultaten van een
literatuuronderzoek waarin 19 artikelen werden gevonden die goede praktijkvoorbeelden
beschrijven voor dialyse voorlichting (b.v. PD-patiénten helpen bij het adequaat uitvoeren van PD,
HD-patiénten informeren over zelfmanagement), dialyse behandeling (artikelen over algemene
kwaliteitsverbetering van de dialysezorg) en eHealth (artikelen over nut van eHealth en invloed
op gezondheidsgerelateerde kwaliteit van leven/zorg).

In hoofdstuk 3 werd ‘het assisteren van patiénten bij het adequaat uitvoeren van PD’ beschreven
als een goed praktijkvoorbeeld. Naarmate het aantal, vooral oudere patiénten met eindstadium
nierfalen toeneemt, lijkt dit goede praktijkvoorbeeld steeds belangrijker te worden, aangezien
tot 80% van de oudere patiénten hulp nodig heeft bij het uitvoeren van PD [25]. In veel Europese
landen zijn programma’s voor geassisteerde PD beschikbaar, maar het percentage patiénten dat
dit daadwerkelijk krijgt varieert behoorlijk. In hoofdstuk 4 werden de resultaten gepresenteerd
van een enquéte onder 288 nefrologische zorgverleners in Europa. Uit de enquéte bleek dat
een programma voor geassisteerde PD bijna 6 keer vaker aanwezig was in West-Europese en
Scandinavische landen ten opzichte van andere Europese landen, ruim 2 keer vaker aanwezig
was in niet-academische ziekenhuizen en bijna 3 keer vaker aanwezig was in ziekenhuizen met
een speciaal team voor de nierfalen voorlichting. Ook was de aanwezigheid van een programma

voor geassisteerde PD geassocieerd met meer thuisdialyse.

Concluderend laat deel | van dit proefschrift zien dat betrokkenheid van zorgverleners en
beschikbaarheid van effectieve zorgsystemen waarin goede praktijkvoorbeelden zijn opgenomen,
zoals een geassisteerd PD-programma, van groot belang zijn voor optimale patiéntenvoorlichting

en Samen beslissen.
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Deel Il: Traditionele klinische uitkomsten van dialyse

Wanneer patiénten met dialyse starten, kunnen zij geconfronteerd worden met complicaties.
Dit worden ook wel ‘traditionele’ klinische uitkomsten genoemd en deze kunnen verschillend
zijn voor HD en PD patiénten. In dit proefschrift hebben we 2 traditionele klinische uitkomsten
onderzocht, namelijk bloedingen en ziekenhuisopnames.

Hoofdstuk 5 toonde dat het bloedingsrisico voor HD patiénten 1.5 keer hoger is dan voor
PD patiénten. Bovendien zorgde een voorgeschiedenis van bloedingen of het gebruik van
bloedverdunnende medicatie voor een sterk verhoogd bloedingsrisico bij HD patiénten. Dit
bloedingsrisico zou meegenomen moeten worden in de patiéntenvoorlichting en de keuze voor
een specifieke dialysemodaliteit kunnen beinvloeden.

Een andere ‘traditionele’ klinische uitkomst is ziekenhuisopname. Een ziekenhuisopname
is niet alleen een risicofactor voor overlijden, maar het heeft ook een negatieve invlioed
op gezondheidsgerelateerde kwaliteit van leven. In hoofdstuk 6 beschreven we de
ziekenhuisopnames bij 252 PD patiénten en 443 HD patiénten die behandeld werden in 31
Nederlandse ziekenhuizen uit DOMESTICO retrospectief. Na correctie voor beinvloedende
factoren, bleek het aantal ziekenhuisopnames van PD patiénten 1,1 keer hoger dan voor
HD patiénten. Gedurende het eerste jaar na start van dialyse, was het risico op een eerste
ziekenhuisopname 1,3 keer hoger voor PD patiénten in vergelijking met HD patiénten, en in de
jaren daarna 1,9 keer hoger. De belangrijkste oorzaak van ziekenhuisopname bij PD patiénten was
een PD peritonitis. Deze studie geeft het belang weer van preventie van infecties om het aantal
ziekenhuisopnames voor PD patiénten te verminderen.

Uit onze studie in hoofdstuk 7 bleek ook dat infecties een belangrijke oorzaak zijn van PD techniek
falen, waarbij een PD patiént noodgedwongen over moet naar HD &f overlijdt. In DOMESTICO
retrospectief, was de kans op PD techniek falen het eerste jaar 29% en het tweede jaar 52%.
PD gerelateerde infecties en overlijden waren de belangrijkste oorzaken voor techniek falen.
Een PD gerelateerde infectie met Candida, een schimmel, is ook geassocieerd met een grote
kans op techniek falen, omdat de richtlijn aangeeft dat in zo'n geval de PD-katheter direct
verwijderd moet worden [26]. In hoofdstuk 8 werd een behandelprotocol beschreven waarmee
een Candida peritonitis potentieel kan worden genezen zonder dat de PD-katheter verwijderd
hoeft te worden. Het is echter een kleine studie bij 10 patiénten, dus het behandelprotocol moet
worden onderzocht in nieuwe studies en tot die tijd is het toepassen van het behandelprotocol
alleen geadviseerd voor patiénten met een Candida peritonitis die niet erg ziek zijn en waarbij
verwijderen van de PD-katheter niet wenselijk is.
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Concluderend laat deel Il van dit proefschrift zien dat ‘traditionele’ klinische uitkomsten
verschillen tussen HD en PD patiénten, met een hoger risico op bloedingen bij HD patiénten, maar
een hoger risico op ziekenhuisopname voor PD patiénten, vooral door infecties. Bovendien leiden
infecties tot een hoger risico op PD techniek falen. Dus meer aandacht voor het voorkomen van
infecties of een andere aanpak van specifieke PD-gerelateerde infecties, zoals Candida peritonitis,
is belangrijk.

Deel lll: Gezondheidsgerelateerde kwaliteit van leven

De afgelopen 10 jaar is er zowel in de wetenschap als de dagelijkse klinische praktijk steeds
meer aandacht gekomen voor gezondheidsgerelateerde kwaliteit van leven. Aangezien dialyse
een belastende behandeling is, is het belangrijk om de invloed van een specifieke dialysevorm
op de gezondheidsgerelateerde kwaliteit van leven mee te nemen in de behandelkeuze. Veel
studies hebben gekeken naar het verschil in gezondheidsgerelateerde kwaliteit van leven tussen
thuisdialyse en centrumdialyse patiénten en mogelijke verschillen tussen landen. Daarom
voerden wij een literatuuronderzoek uit dat beschreven staat in hoofdstuk 9. Onze analyse
van 4158 thuisdialyse patiénten en 7854 centrumdialyse patiénten toonde een betere fysieke
gezondheidsgerelateerde kwaliteit van leven, maar een gelijke mentale gezondheidsgerelateerde
kwaliteit van leven bij thuisdialyse patiénten in vergelijking met centrumdialyse patiénten. Dit
was vooral het geval bij patiénten uit West-Europa, terwijl thuisdialyse patiénten uit Latijns-
Amerika juist een lagere fysieke gezondheidsgerelateerde kwaliteit van leven hadden. Dit
kon verklaard worden door het feit dat thuisdialyse patiénten in Latijns-Amerika ongezonder
waren en een slechtere conditie hadden dan centrumdialyse patiénten. Een beperking van ons
literatuuronderzoek was echter dat de studies onderling zeer verschillend waren. Daarom zijn grote
studies met aandacht voor beinvloedbare factoren belangrijk om vast te stellen of thuisdialyse
leidt tot betere gezondheidsgerelateerde kwaliteit van leven. Zo’n studie is DOMESTICO-
prospectief. In hoofdstuk 10 beschreven we de achtergrond en opzet van deze studie waarin de
gezondheidsgerelateerde kwaliteit van leven van thuisdialyse patiénten vergeleken zal worden
met die van centrumdialyse patiénten. Daarnaast zal ook gekeken worden naar ‘traditionele’
klinische uitkomsten en kosten.

Concluderend laat deel Ill van dit proefschrift zien dat gezondheidsgerelateerde kwaliteit van
leven een belangrijke patiéntgerapporteerde uitkomst is, maar dat het effect van de verschillende
dialysevormen op gezondheidsgerelateerde kwaliteit van leven nog onbekend is. Hier zal
DOMESTICO-prospectief hopelijk verandering in brengen.

Samenvattend, laat dit proefschrift, samen met andere in Nederland lopende studies, een

duidelijke verschuiving zien richting Samen beslissen en het belang van patiéntgerapporteerde
uitkomsten voor patiénten met eindstadium nierfalen.
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Questionnaires
Short-Form 12 (generic)

This survey asks for your views about your health. This information will help keep track of how
you feel and how well you are able to do your usual activities.

Answer each question by choosing just one answer. If you are unsure how to answer a question,
please give the best answer you can.

1. In general, would you say your health is

O Excellent
O Very good
0 Good

O Fair

O Poor

The following questions are about activities you might do during a typical day. Does your
health now limit you in these activities? If so, how much?

Yes, limited VYes, limited No, not

alot alittle limited at all
2. Moderate activities such as moving a table, 0 0 0
pushing a vacuum cleaner, bowling, or playing
golf.
3. Climbing several flights of stairs. 0 0 0

During the past 4 weeks, have you had any of the following problems with your work or
other regular daily activities as a result of your physical health?

Yes No
4. Accomplished less than you would like. 0 0
5. Were limited in the kind of work or other activities. 0 0

During the past 4 weeks, have you had any of the following problems with your work
or other regular daily activities as a result of any emotional problems (such as feeling

depressed or anxious)?

Yes No
6. Accomplished less than you would like. 0 0
7. Did work or activities less carefully than usual. 0 0
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8. During the past 4 weeks, how much did pain interfere with your normal work (including
work outside the home and housework)?

O Not atall

O Alittle bit

O Moderately

O Quite a bit

O Extremely

These questions are about how you have been feeling during the past 4 weeks. For each
question, please give the one answer that comes closest to the way you have been feeling.
How much of the time during the past 4 weeks...

Allof the Mostof Agoodbite Someof Alittleof None of
time thetime ofthetime thetime thetime thetime
9. Haveyou felt calm O 0 O 0 0 0
& peaceful?
10. Did you have a lot O 0 O O O 0]
of energy?
11. Have you felt 0 0 0 0 0 0
down-hearted and
blue?

12. During the past 4 weeks, how much of the time has your physical health or emotional

problems interfered with your social activities (like visiting friends, relatives, etc.)?
O All of the time

O Most of the time

O Some of the time

O Alittle of the time

O None of the time
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Dialysis Symptom Index (Kidney disease specific HRQoL
questionnaire)

Below is a list of physical and emotional symptoms that people on dialysis may have. For each
symptom, please indicate if you had the symptom during the past week by circling ‘yes’ or ‘no’. If

‘yes’, please indicate how much that symptom bothered you.

During the past week: Did you

T If yes, how much did it bother you?

Not at Alittle Some- ) )
all bit what Quiteabit Very much

Constipation No/Yes u] u] [m] O u]
Nausea No/Yes u] o o ] o
Vomiting No/Yes m] m] O O o
Diarrhea No/Yes u] [u] [u] ] u]
Decreased appetite No/Yes o o ul u} o
Muscle cramps No/Yes ul ul ul O o
Swellingin legs No/Yes m] m] m] O u]
Shortness of breath No/Yes u] u] u] u] u]
Lightheadedness or dizziness No/Yes u] m] O O u]
Restl_ess legs ordwf‘ﬁculty NojVes 5 5 5 5 5
keeping legs still
Numbness or tingling in feet  No/Yes u] m] O O u]
Feelingtired or lack of energy No/Yes m] m] O O o
Cough No/Yes ul ul ul O o
Dry mouth No/Yes m] m] O O u]
Bone orjoint pain No/Yes u] u] [u] O u]
Chest pain No/Yes m] m] m] O u]
Headache No/Yes u] u] u] u] u]
Muscle soreness No/Yes m] ] a ] ]
Difficulty concentrating No/Yes m] m] O O o
Dry skin No/Yes m] m] O O m]
Itching No/Yes m] m] m] O m]
Worrying No/Yes u] [u] [u] O u]
Feeling nervous No/Yes ul ul O O u}
Trouble falling asleep No/Yes m] m] O m] u]
Trouble staying asleep No/Yes m] m] O O u]
Feeling irritable No/Yes m] m] O O o
Feeling sad No/Yes m] m] O O m]
Feeling anxious No/Yes m] m] O O m]
Decreased interest in sex No/Yes u] u] [u] u] u]
Decreased becoming sexually

No/Yes u] u] [u] u] u]
aroused

260



Questionnaires

EQ-5D-5L (Generic HRQoL questionnaire for economic
evaluation)

Under each heading, please tick the ONE box that best describes your health TODAY.
MOBILITY

I'have no problems in walking about

I'have slight problems in walking about

I'have moderate problems in walking about

I have severe problems in walking about

O O o o O

Iam unable to walk about

SELF-CARE

I'have no problems washing or dressing myself

I'have slight problems washing or dressing myself
I'have moderate problems washing or dressing myself

I'have severe problems washing or dressing myself

O o o o o

I am unable to wash or dress myself

USUAL ACTIVITIES (e.g. work, study, housework, family or leisure activities)
I'have no problems doing my usual activities

I'have slight problems doing my usual activities

I have moderate problems doing my usual activities

I'have severe problems doing my usual activities

O O o o O

I'am unable to do my usual activities
PAIN / DISCOMFORT

I'have no pain or discomfort

I'have slight pain or discomfort

I have moderate pain or discomfort

I'have severe pain or discomfort

O O o o O

I have extreme pain or discomfort
ANXIETY / DEPRESSION

I'am not anxious or depressed

Iam slightly anxious or depressed
Iam moderately anxious or depressed

I am severely anxious or depressed

O o o o o

I'am extremely anxious or depressed

UK (English) © 2009 EuroQol Group EQ-5D™ is a trade mark of the EuroQol Group
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We would like to know how good or bad your health is TODAY. The best health
. . you can Imagine
This scale is numbered from 0 to 100.

100 means the best health you can imagine. 100

0 means the worst health you can imagine.

95

Please mark an X on the scale to indicate how your health is TODAY.

Now, write the number you marked on the scale in the box below.

90

YOUR HEALTH TODAY =

85

80

75

70

65

60

55

50

45

40

35

30

25

20

15

10

5

0

The worst health
you can imagine

UK (English) © 2009 EuroQol Group EQ-5D™ is a trade mark of the EuroQol Group
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DOMESTICO Study Group members

Steering committee: AC Abrahams and MC Verhaar, University Medical Center Utrecht; BC van
Jaarsveld, Amsterdam University Medical Centers and Diapriva Dialysis Center Amsterdam; FW
Dekker, Leiden University Medical Center; FJ van Ittersum, Amsterdam University Medical Centers;
H Bart/W Konijn, Dutch Kidney Patients Association (NVN); MH Hemmelder, Maastricht UMC+; MAGJ
ten Dam, Nefrovisie and Canisius-Wilhelmina Hospital Nijmegen.

Juniorinvestigators: Avan Eck van der Sluijs and E Driehuis and S Vonk, University Medical Center
Utrecht; AA Bonenkamp and B van Lieshout, Amsterdam University Medical Centers.

DOMESTICO retrospective: AC Abrahams, University Medical Center Utrecht; BC van Jaarsveld,
Amsterdam University Medical Centers and Diapriva Dialysis Center Amsterdam; FW Dekker, Leiden
University Medical Center; FTJ Boereboom, Dianet Utrecht and Diakonessenhuis; CWH de Fijter,
OLVG Amsterdam; DG Struijk, Dianet Amsterdam; YM Vermeeren, Gelre Hospitals Apeldoorn.

DOMESTICO prospective ‘Quality of life and clinical outcomes’: AC Abrahams, University
Medical Center Utrecht; BC van Jaarsveld, Amsterdam University Medical Centers and Diapriva
Dialysis Center Amsterdam; FW Dekker, Leiden University Medical Center; FJ van Ittersum,
Amsterdam University Medical Centers; EL Penne, Northwest Clinics Alkmaar; DG Struijk and A
Neradova, Amsterdam University Medical Centers and Dianet Amsterdam; A Ozyilmaz, University
Medical Center Groningen and Dialysis Center Groningen.

DOMESTICO prospective ‘Costs’: AC Abrahams, University Medical Center Utrecht; BC van
Jaarsveld, Amsterdam University Medical Centers and Diapriva Dialysis Center Amsterdam; MM
Versteegh and TA Kanters and G de Graaf, Institute for Medical Technology Assessment; L Hakkaart-
van Roijen, Institute of Health Policy & Management and Institute for Medical Technology Assessment;
GA de Wit, Julius Center for Health Sciences and Primary Care; FT Boereboom, Dianet Utrecht and
Diakonessenhuis; MH Hemmelder, Nefrovisie and Maastricht UMC+.

DOMESTICO ‘Good Practices and Shared Decision-Making’: AC Abrahams, University Medical
Center Utrecht; BC van Jaarsveld, Amsterdam University Medical Centers and Diapriva Dialysis Center
Amsterdam; PWG du Buf-Vereijken, Amphia Hospital Breda; R van Rooijen, Dianet Utrecht; K Prantl,
Dutch Kidney Patients Association (NVN); NC Berkhout-Byrne; Leiden University Medical Center; MH
Hemmelder, Nefrovisie and Maastricht UMC+; JA Bijlsma, Amsterdam University Medical Centers and
Dianet Amsterdam; EC Hagen, Niercentrum Midden Nederland Amersfoort; AB Hoogsteen, Medical
Center Leeuwarden; AJ Luik, VieCuri Medical Center Venlo.
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Investigators of DOMESTICO retrospective: MR Korte, Albert Schweitzer Hospital Dordrecht; TT
Cnossen, Amphia Hospital Breda; BC van Jaarsveld, Amsterdam University Medical Centers and
Diapriva Dialysis Center Amsterdam; J Lips, Bernhoven Uden; HP Krepel, Bravis Hospital Roosendaal;
MAGJ ten Dam, Canisius-Wilhelmina Hospital Nijmegen; CJAM Konings, Catharina Hospital
Eindhoven; CJ Doorenbos, Deventer Hospital; A Lips, Dialysis Center Beverwijk; A Ozyilmaz, Dialysis
Center Groningen; DG Struijk, Dianet Amsterdam; FTJ Boereboom, Dianet Utrecht; S van Esch,
Elisabeth-TweeSteden Hospital Tilburg; GF van Breda, Elyse Clinics; EJ Hoorn and D Severs, Erasmus
Medical Center Rotterdam; AH Boonstra, Flevohospital Almere; RW Nette, Franciscus Gasthuis &
Vlietland Rotterdam; YM Vermeeren, Gelre Hospitals Apeldoorn; HD Thang and NH Hommes,
Haaglanden Medical Center The Hague; M van Buren, HagaHospital The Hague; JM Hofstra, Hospital
Gelderse Vallei Ede; SHA Diepeveen, Isala Zwolle; S Boorsma, Laurentius Hospital Roermond; JI
Rotmans, Leiden University Medical Center; AM van Alphen, Maasstad Hospital Rotterdam; F van der
Sande and EJR Litjens, Maastricht UMC+; WMT Janssen, Martini Hospital Groningen; A Kuijper and
CH Beerenhout, Maxima Medical Center Veldhoven; MH Hemmelder, Medical Center Leeuwarden;
HS Brink and R Wijering, Medical Spectrum Twente Enschede; EC Hagen, Niercentrum Midden
Nederland Amersfoort; EL Penne, Northwest Clinics Alkmaar; CWH de Fijter and HFH Brulez, OLVG
Amsterdam; HW van Hamersvelt, Radboudumc Nijmegen; SJ Huisman, Reinier de Graaf Gasthuis
Delft; MP Kooistra and JC Verhave, Rijnstate Arnhem; HHTI Klein, Slingeland Hospital Doetinchem;,
CE Douma, Spaarne Gasthuis Hoofddorp; WJW Bos, St. Antonius Hospital Nieuwegein; JD Snoep,
Tergooi Hilversum; AC Abrahams, University Medical Center Utrecht; AJ Luik, VieCuri Medical Center
Venlo; RJL Klaassen, Zaans Medical Center Zaandam; AG Weenink, ZorgSaam Hospital Terneuzen;
MME Krekels, Zuyderland Sittard.

Investigators of DOMESTICO prospective: PB Leurs, Admiraal de Ruyter Hospital Goes; MR
Korte, Albert Schweitzer Hospital Dordrecht; AM Schrander, Alrijne Hospital; TT Cnossen, Amphia
Hospital Breda; BC van Jaarsveld, Amsterdam University Medical Centers and Diapriva Dialysis
Center Amsterdam; A de Vriese, AZ St-Jan Brugge (Belgium); J Lips, Bernhoven Uden; HP Krepel,
Bravis Hospital Roosendaal; MAGJ ten Dam, Canisius-Wilhelmina Hospital Nijmegen; CJAM Konings,
Catharina Hospital Eindhoven; A van Eck van der Sluijs, Deventer Hospital; A Lips, Dialysis Center
Beverwijk; A Ozyilmaz, Dialysis Center Groningen; ANeradova, Dianet Amsterdam; FTJ Boereboom,
Dianet Utrecht; Svan Esch, Elisabeth-TweeSteden Hospital Tilburg; CR Susanto, Elkerliek Hospital;
EJ Hoorn and D Severs, Erasmus Medical Center Rotterdam; AH Boonstra, Flevohospital Almere;
RW Nette and MAM Verhoeven, Franciscus Gasthuis & Vlietland Rotterdam; YM Vermeeren, Gelre
Hospitals Apeldoorn; DHT ljpelaar, Groene Hart Hospital Gouda; NH Hommes, Haaglanden Medical
Center The Hague; M van Buren, HagaHospital The Hague; JM Hofstra, Hospital Gelderse Vallei Ede;
KW Mui, Hospital St Jansdal; SHA Diepeveen, Isala Zwolle; EK Hoogeveen, Jeroen Bosch Hospital
‘s-Hertogenbosch; T Cornelis, Jessa Hospital Hasselt (Belgium); S Boorsma, Laurentius Hospital
Roermond; JI Rotmans, Leiden University Medical Center; AM van Alphen, Maasstad Hospital
Rotterdam; EJR Litjens and B Zomer, Maastricht UMC+; WMT Janssen, Martini Hospital Groningen;
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A Kuijper and CH Beerenhout, Mdxima Medical Center Veldhoven; J Broekroelofs and L Bierma,
Medical Center Leeuwarden; HS Brink and RMJ Wijering, Medical Spectrum Twente Enschede;
W RUger, Niercentrum aan de Amstel; RJ Bosma, Niercentrum Midden Nederland Amersfoort;
EL Penne, Northwest Clinics Alkmaar; CWH de Fijter and HFH Brulez, OLVG Amsterdam; HW van
Hamersvelt, Radboudumc Nijmegen; SJ Huisman, Reinier de Graaf Gasthuis Delft; JC Verhave,
Rijnstate Arnhem; G van Kempen, Saxenburgh Group; HHTI Klein, Slingeland Hospital Doetinchem;
CE Douma, Spaarne Gasthuis Hoofddorp; WIW Bos, St. Antonius Hospital Nieuwegein; JD Snoep,
Tergooi Hilversum; J Mulder, Treant Zorggroep Emmen; CFM Franssen, University Medical Center
Groningen; AC Abrahams, University Medical Center Utrecht; K Francois, UZ Brussel (Belgium);
AJ Luik, VieCuri Medical Center Venlo; RJL Klaassen and A van Tellingen, Zaans Medical Center
Zaandam; MMG Dekker, Ziekenhuisgroep Twente; AG Weenink, ZorgSaam Hospital Terneuzen; MME
Krekels, Zuyderland Sittard.
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Dankwoord

Na bijna 6 jaar is het dan zover; mijn proefschrift is afl Wel echt iets voor mijn perfectionistisch
persoontje om na 6 jaar Gymnasium, 6 jaar Geneeskunde, 6 jaar Interne Geneeskunde nu dus ook
6 jaar over mijn proefschrift te hebben gedaan. De cirkel is rond! Ik had mijn promotietraject niet
z0 succesvol kunnen uitvoeren zonder de steun van een heleboel mensen, die ik hierbij graag
wil bedanken.

Geachte dr. Abrahams, beste Alferso, wat ben ik ontzettend dankbaar dat jij mij in 2017 de kans
bood om te gaan promoveren bij DOMESTICO! Met toendertijd nog maar 3 maanden opleiding tot
internist-nefroloog voor de boeg dacht ik dat mijn kans om ooit te promoveren verkeken was. Ik
raakte direct enthousiast toen je over DOMESTICO vertelde en was heel blij dat je mij erbij wilde
betrekken, juist vanwege mijn nefrologische kennis. Voor mij gingen er wat slapeloze nachten én
het afslaan van een baan aan vooraf, maar in juni 2017 kon ik aan de slag. Ik heb genoten van de
vele centrumbezoeken waarbij het iedere keer weer de vraag was of we met jouw oude auto de
was. Ik ben blij dat je mij de mogelijkheid hebt gegeven om mijn promotietraject zelf in te richten
en heb grote bewondering gekregen voor de onvermoeibaarheid waarmee je iedere keer weer
subsidies wist binnen te halen. Ik ben blij dat we in hetzelfde vakgebied werken en elkaar derhalve

nog frequent zullen tegenkomen!

Geachtedr.van Jaarsveld, beste Brigit, wat heb ik een geluk gehad met jou als 2¢ co-promotor! Je bent
een geweldig persoon die altijd in anderen geinteresseerd en behulpzaam is. We hebben hele fijne
gesprekken gehad onderweg in de auto naar ziekenhuizen in het land. Vooral de rit naar Terneuzen,
waarbij we door de betaalde tunnel moesten, voelde bijna als op vakantie gaan. Je bescheidenheid
en eerlijkheid sieren je. Bedankt voor de deuren die je hebt geopend door mij te betrekken in de sectie
Communicatie van de Nederlandse Federatie voor Nefrologie, waarbij ik nu jouw voorzitterschap heb
mogen overnemen en zelfs secretaris van de NFN ben geworden. Ik hoop je nog vaak tegen te komen
op nascholingen en wellicht dan nog eens wat ‘moederlijk™-advies te kunnen krijgen.

Geachte prof. dr. Verhaar, beste Marianne, door de overstap te maken van nefroloog-in-opleiding
(NIO) naar promovenda heb ik je beter leren kennen. Ik heb bewondering gekregen voor jouw
geweldige onderzoeks-mind. Bedankt voor jouw begeleiding gedurende mijn promotietraject en
het feit dat je er altijd voor zorgde dat Alferso en ik de afronding als doel in zicht hielden en dus

niet teveel zijsporen bewandelden.
De beoordelingscommissie, bestaande uit prof. dr. M.L. Bots, prof. dr. C.A.J.M. Gaillard, prof.

dr. J.J.M. van Delden, prof. dr. W.J.W. Bos en prof. dr. K. Frangois, wil ik bedanken voor het
lezen en beoordelen van mijn manuscript. Prof. dr. J.J.M. van Delden jammer dat u niet aanwezig
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kunt zijn bij de verdediging, bedankt voor uw gelukwens. Prof. dr. M.H. Emmelot-Vonk en dr.
C.W.H. de Fijter, bedankt dat jullie plaats nemen in de promotiecommissie.

Lieve Anna, mijn DOMESTICO zusje, wat hebben we een geweldige hoeveelheid aan lief en leed
gedeeld in de ruim 3 jaar waarin we samen arts-onderzoeker waren! Een bruiloft, het krijgen van
kinderen, ziekte, een heel leven leek wel in die periode te zijn gepropt. Ik heb bewondering voor
jevastberadenheid, enthousiasme en geweldige epidemiologische kennis. Onze artikelen werden
echt naar een hoger niveau getild als je weer eens, een voor mij onbegrijpelijke, extra analyse
deed. Gelukkig kon ik dan ook altijd input leveren om de leesbaarheid voor de gemiddelde internist
goed te houden. Ik ben heel blijdatjij nuin opleiding bent tot internist en hoop je in de toekomst
nog vaak te zien. Bedankt dat je mijn paranimf wilt zijn, zoals ik dat vorig jaar bij jou mocht zijn.

Geachte prof. dr. F.J. van Ittersum en prof. dr. FW. Dekker, beste Frans en Friedo, hartelijk dank
voor jullie inbreng tijdens gesprekken met Anna en mij én tijdens DOMESTICO vergaderingen. Ik
heb ontzettend veel van jullie geleerd op onderzoeks- en epidemiologisch- gebied. Jullie kritische
en inspirerende inbreng hebben de DOMESTICO studie en diens artikelen echt beter gemaakt!
Beste Anneke Roeterdink, wat waren we blij toen jij ons team kwam versterken en een heleboel
administratieve taken overnam, zodat wij ons meer konden richten op het daadwerkelijk schrijven
van artikelen. Ik heb recent nog weer mogen genieten van een heerlijke DOMESTICO taart die
je had laten bezorgen! Beste Sanne Vonk, het enthousiasme waarmee je dingen aanpakt werkt
aanstekelijk. Bedankt voor de samenwerking ten behoeve van de artikelen in hoofdstuk 2 en 3.
De nieuwe arts-onderzoekers, Bas van Lieshout en Esmee Driehuis, wil ik heel veel geluk en
plezier wensen binnen de DOMESTICO familie. Ik zie de resultaten van DOMESTICO prospectief
met spanning tegemoet.

Een flink aantal nefrologen en verpleegkundigen hebben meegedacht over de opzet en uitvoer
van DOMESTICO en de te schrijven artikelen. Voor deelname aan de stuurgroep wil ik Marianne,
Frans, Friedo, Marc Hemmelder en tenslotte Hans Bart en zijn opvolgster Wanda Konijn
bedanken. Voor deelname aan de projectgroep DOMESTICO retrospectief wil ik Friedo, Frans
Boereboom, Carola de Fijter, Dick Struijk en Yolande Vermeeren bedanken. Voor deelname
aan de projectgroep DOMESTICO prospectief ‘Kwaliteit van leven en klinische uitkomsten” wil ik
Friedo, Frans, Lars Penne, Dick, Aegida Neradova en Akin Ozyilmaz bedanken. Beste leden
van de projectgroep DOMESTICO prospectief ‘Kosten’, beste Matthijs Versteegh, Tim Kanters,
Gimon de Graaf, Leona Hakkaart-van Roijen, Ardine de Wit, Frans Boereboom en Marc, ik
heb maar enkele van jullie vergaderingen meegemaakt. Het voordeel hiervan was eerlijk gezegd
wel dat Anna en ik minder notulen hoefden uit te werken, maar gelukkig hebben we ook genoeg
meegekregen om erachter te komen dat jullie in de toekomst met de kostendata uit DOMESTICO
zeer mooie artikelen zullen gaan schrijven.
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Het uiteindelijke succes van DOMESTICO is mede mogelijk gemaakt door alle nefrologen en
(research)verpleegkundigen uit de deelnemende centra, zowel in Nederland als in Belgié. Hartelijk
dank voor de fijne ontvangst tijdens centrumbezoeken en de inkijk die jullie wilden geven in de
dagelijkse praktijk (met goede praktijkvoorbeelden) in jullie centrum. Speciale dank gaat uit naar
de deelnemers van het deelproject ‘Good Practices and Shared Decision-Making’, dank aan Peggy
du Buf, Marian Bastiaens en Gerda Verbraak uit het Amphia ziekenhuis; Joy Lips en Jeannet
van Lankveld uit ziekenhuis Bernhoven; Harmen Krepel, Bregje Simons en Esther de Vos uit
het Bravis ziekenhuis; Robert Nette, Kamilia Bouachmir, Daisy Adelmund en Amel Taalat uit het
Franciscus Gasthuis; Martine Verhoeven, Annemiek Vergeer, Jeanette van der Wolf en Mieke
den Dulk uit het Franciscus Gasthuis locatie Vlietland; Yolande Vermeeren, Cobi Nieuwenhuis
en Marianne Gijsendorffer uit Gelre Ziekenhuizen; Arjan van Alphen, Bettie Hoekstra, Pieta
Achterberg-Holleman en Dianne van Dongen uit het Maasstad ziekenhuis; Marc Hemmelder
en Anneke Hoogsteen uit het Medisch Centrum Leeuwarden; Judith Wierdsma en Sanne
Bosman uit het UMC Utrecht; Ton Luik, Petra Geeraets en Marjo van den Essen uit het VieCuri;
Elisabeth Schols en Lidwien Westerbos uit het AmsterdamUMC locatie VUmc; Rob Klaassen,
Léonie Kreike, Esther den Hartog en Anne-marie Ooms uit het Zaans Medisch Centrum. Door
gesprekken in jullie centra heb ik veel kennis opgedaan over de verscheidene inrichtingen van
het nierfalen voorlichtingstraject.

Voor het deelproject ‘Good Practices and Shared Decision-Making’ heb ik intensief mogen
samenwerken met Aase Riemann, Hans Bart en Karen Prantl. Beste Aase, bedankt voor het
overnemen van de workshops ‘Van voorlichting naar dialoog’ tijdens mijn zwangerschapsverlof.
Ik heb genoten van je verhalen over vakanties in Denemarken en als Nederlandse EDTNA/ERCA
ambassadeur gaat het je in de toekomst vast lukken om mij te verleiden tot het geven van een
presentatie of schrijven van een artikel. Beste Hans en Karen, als (oud)medewerkers van de
Nierpatiénten Vereniging Nederland zorgden jullie ervoor dat altijd voldoende aandacht werd
besteedt aan het patiéntenperspectief. Zodoende nam er ook vaak een ervaringsdeskundige
deel aan de eerder genoemde workshops, wat van zeer grote waarde was. Tevens bedankt dat
ik op mijn beurt de mogelijkheid heb gekregen om bij enkele van jullie projecten mijn kennis en
(beperkte) ervaring als internist-nefroloog in te brengen.

Graagwil ik alle patiénten bedanken die vragenlijsten hebben ingevuld over hun ervaringen met
de aan hen verstrekte nierfalenvoorlichting. Deze data was onontbeerlijk voor het schrijven van
hoofdstuk 2. Tevens dank aan alle patiénten die deelnemen danwel hebben deelgenomen aan
DOMESTICO prospectief, met de data uit uw vragenlijsten hopen we in de toekomst antwoord
te krijgen op de vraag of thuisdialyse leidt tot een betere kwaliteit van leven, gelijke klinische
uitkomsten en lagere kosten in vergelijking tot centrumdialyse.

268



Dankwoord

Beste co-auteursvan alle artikelen, hartelijk dank voor jullie waardevolle bijdrage! In het bijzonder
Gurbey Ocak voor het artikel in hoofdstuk 5, Vera van Wallene voor het artikel in hoofdstuk 6
en Kamal Eekelschot voor het artikel in hoofdstuk 8. Beste Gurbey, als mede NIO bood jij mij
de kans om een mooi artikel te schrijven met data uit NECOSAD, bedankt voor je uitleg over de
toepassing van een imputatiemodel. Beste Vera en Kamal, als studenten hebben jullie data
verzameld en hebben we samen mooie artikelen geschreven. Inmiddels zijn jullie geen student

meer en wil ik jullie dus veel succes wensen met jullie verdere carrieres.

Tevens wil ik alle studenten bedanken die hebben geholpen met het invoeren van héélvéél data
alleen al voor DOMESTICO retrospectief! Wat een klus!

Beste Martijn Leegte en Lara Heuveling, met jullie hulp en tomeloze inzet is het na vele uren
overleg in de vergaderkamer van Nefrovisie gelukt om een gigantische DOMESTICO database
te bouwen waar alle data voor zowel het retrospectieve als het prospectieve deel van de studie
in komt te staan. Ik heb bewondering voor jullie ICT kunsten en was blij dat ook Boudewijn
de Jong acute problemen voor ons kon oplossen. Beste Tiny Hoekstra, bedankt voor al jouw
epidemiologische inbreng en het feit dat jij zeer moeilijke analyses altijd heel helder weet uit
te leggen. Jij pendelt elke week met de trein van de stad bij mij om de hoek (Wageningen) naar
Nefrovisie danwel naar het AmsterdamUMC en zelden kruisten onze wegen. Daarom was ik blij
dat we in ieder geval gezellig met de auto in juni 2018 naar de bruiloft van Anna konden!

Ik was heel blij dat ik gedurende mijn promotietraject op mijn vertrouwde stekkie op de stafgang
Nefrologie in het UMC Utrecht kon blijven. Beste stafleden, beste Sabine Meijvis, Femke
Molenaar, Karin Gerritsen, Franka van Reekum, Arjan van Zuilen, Maarten Rookmaaker en
Peter Blankestijn, bedankt voor de gezellige sfeer op de stafgang en de fijne tijd tijJdens mijn
opleiding tot nefroloog.

Tevens dank aan mijn (oud) collega NIO’s Hilde Remmelts, Maarten Wester en Gijs van Kempen
voor een super leuke opleidingstijd en fijne samenwerking. Ontzettend leuk dat we elkaar tijdens
nascholingen in de toekomst weer zullen zien en fijn dat iedereen een vaste baan heeft gevonden
als internist-nefroloog. Gurbey en Ismay van Loon, bedankt dat jullie voor mij initieel ‘de brug’
vormden tussen de NIO-kamer en de arts-onderzoekskamer zodat ik nog wel lekkere koffie kon
blijven halen in de NIO-kamer. Beste Ismay, geniet van je prachtige gezin met 2 kindjes en heel

veel plezier tijdens jullie Amerika avontuur!

Alle collega’s van de dialyse afdeling van het UMC Utrecht, bedankt voor de samenwerking en de
doorjullie getoonde interesse in mijn promotietraject.
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Beste Helma Dolmans, bedankt voor al je adviezen op onderzoeksgebied en het feit dat ik bij
tijd en wijlen je witte jas even mocht lenen als ik een patiént wilde benaderen. Beste Maaike van
Wijk, bedanktvoor de ondersteuning bij het verzamelen van data voor DOMESTICO retrospectief
en de gezellige gesprekken over familie.

Beste Arda ten Rouwelaar-Laban en Ellen Kok-Rombout, wat hebben jullie een geweldig
positieve invloed gehad op de secretariéle ondersteuning van de stafafdeling Nefrologie UMC
Utrecht! Wat was ik blij met de aanpassingen van de ruimtes op de stafgang, vooral met de
geweldige aanpassing van de arts-onderzoekerskamer zodat deze van een ‘deprimerend donker
hok dat volgestouwd stond met boeken‘ overging naar een ‘lichte ruimte waarbij de muren beplakt
waren met afbeeldingen van een berglandschap’. Hierdoor heb ik het werken in deze kamer echt
beter vol kunnen houden.

Het werk in de arts-onderzoekerskamer werd ook leuker gemaakt door mijn mede-onderzoekers:
Laura Michielsen, Thijs Jansz, Maaike van Gelder en Joost de Vries. Beste Laura, wat was ik
blij dat jij cappuccino ook lekker vindt en dat we die gezellig konden halen als we onze computer
weer eens zat waren. Ik vond het erg leuk om jouw stokje als PLAN bestuurslid over te kunnen
nemen. Succes met je opleiding tot internist. Beste Thijs, wat een interessante discussies hebben
we gevoerd en wat heb ik genoten van jouw muzikaliteit. Het was heel grappig om te horen dat
je de liefde van je leven bij de eerste date al had ondergekotst. Geweldig dat de sprong hebt
gewaagd door naar Engeland te emigreren. Heel veel succes daar met je verdere carriere. Beste
Maaike, bedankt voor het samen sparren over zaken en de gezelligheid in ons hok. Het is jammer
dat je gekoesterde wens om de draagbare kunstnier daadwerkelijk te testen bij patiénten niet in
vervulling kon gaan, maar je hebt het stokje gelukkig goed kunnen overdragen aan Joost. Beste
Joost, ja het is eindelijk zover, ik mag mijn proefschrift af gaan geven bij de Pedel en zal dan op

de terugweg zeker langskomen voor koffie!

Beste PLAN collega’s, beste Kioa, Dominique, Maarten, Niki, Koen, Eliane, Sjoerd, Joop, Anne,
Rosa L, Rosa W, Emma en Frank, bedankt voor de samenwerking en gezellige etentjes gedurende
mijn tijd bij PLAN. We hebben met elkaar enkele mooie PLAN dagen georganiseerd en bijdragen
geleverd aan de Nederlandse Nefrologiedagen. PLAN is een geweldig initiatief dat promovendi
binnen de nefrologie in het hele land met elkaar verbindt.

Beste bestuursleden van de Special Interest Group peritoneale dialyse (SIG PD), beste Bettie,
Anneke, Bieneke, Fariba, Mieke, Suzanne en Lilianne, bedankt voor het feit dat ik al op vele
netwerkdagen en ook op de Nederlandse Nefrologiedagen in opdracht van jullie presentaties
heb mogen geven. Ik doe het iedere keer weer met veel plezier en ben blij dat dit door jullie zo
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