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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 centre 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 centre, the associations were explored by 2 tests and (ordinal) logistic regression.
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Results: In total, 609 respondents completed the survey. Subsequently, 288 respondents from individual centres were
identified; 58% worked in a centre with an assisted PD programme. Factors associated with availability of an assisted PD
programme were Western European and Scandinavian countries (OR: 5.73; 95% CI: 3.07–10.68), non-academic centres
(OR: 2.01; 95% CI: 1.09–3.72) and centres with a dedicated team for education (OR: 2.87; 95% CI: 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% CI: 1.21–3.01) and prevalence (cumulative OR: 2.81; 95% CI: 1.76–4.47) of patients on home
dialysis.
Conclusions: Assisted PD was more commonly offered among non-academic centres 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-centre 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
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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 comparable24–27 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, centre 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
centre 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 of incident and prevalent patients on home dialysis (i.e.
PD and home haemodialysis (HHD)) at a centre level, to
get insight into the influence of availability of assisted PD
on the uptake of home dialysis.

Methods
Study design
An online 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, centre size effect and
regional collaboration between centres. Subsequently, four
topics (impact of urgent start PD, impact of assisted care
programmes, impact of access placement policy and impact
of centre 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
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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, centre 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 centre level.
To perform analyses at a centre level, one respondent per
centre was selected by comparing respondents based on the
following characteristics: country, region, centre type and
size, and the proportion of incident and prevalent ESKD
patients on a home-based therapy. If there were several
respondents per centre, the respondent with the largest
experience was chosen for the analyses.
For the analysis of the availability of an assisted PD
programme at a centre 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: centre type (nonacademic vs academic), likelihood that chronic kidney
disease (CKD) patients would receive 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, centre characteristics and organisational factors
(independent variables) on the one hand and the availability
of an assisted PD programme at a centre 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 centres 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 centre level
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(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 centre level
(dependent variable) was analysed by a 2 test. In addition,
ordinal logistic regression (logistic regression with proportion of incident and prevalent home dialysis patients as
outcome) was performed to adjust for centre type, centre
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).

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 (Online Supplemental Table S1). Forty-nine percent of the respondents worked
in a non-academic centre and half of the respondents
worked in Western Europe (Online Supplemental Tables
S1 and S2).
After completing the aforementioned selection procedure, 295 respondents from individual centres were identified (Online Supplemental Tables S1 and S2). Data on the
availability of an assisted PD programme were missing in
seven respondents, thus the following analyses were conducted with 288 respondents.

Centre characteristics and organisational factors
associated with the availability of an assisted PD
programme
Of the 288 respondents, 167 (58%) worked in a centre with
an assisted PD programme. The association between
employment regions, centre 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,
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Table 1. Association between employment regions, centre
characteristics and organisational factors with the availability of
an assisted PD programme.a
Assisted PD
programme
Yes
No
(n ¼ 167) (n ¼ 121)
Employment
regions
Eastern & Central
Europe
Mediterranean
Western Europe
Scandinavia
Centre
characteristics
Non-academic
centre
Centre sizeb
<50 patients
50 –100 patients
100–200 patients
>200 patients
Organisational
factors
Likely for CKD
patient to receive
education on
Kidney functionc
Kidney failurec
PDc
HHDd
ICHDc
Dedicated team for
education
No
Yes, <1 FTE
Yes, 1 FTE
Yes, 2 FTE
Unknown

Crude OR
(95% CI)

14 (8)

27 (22)

Reference

34 (20)
101 (61)
18 (11)

59 (49)
31 (26)
4 (3)

1.11 (0.51–2.40)
6.28 (2.94–13.45)
8.68 (2.46–30.63)

107 (64)

60 (50)

1.81 (1.13–2.92)

13 (8)
46 (27)
73 (44)
35 (21)

19 (16)
46 (38)
29 (24)
27 (22)

Reference
1.46 (0.65–3.30)
3.68 (1.61–8.41)
1.90 (0.80–4.50)

134 (80)
138 (83)
140 (84)
112 (67)
138 (83)

83 (69)
86 (71)
85 (70)
47 (39)
92 (76)

3.23 (1.25–8.33)
5.88 (1.60–21.69)
19.77 (2.53–154.72)
4.40 (2.45–7.91)
2.50 (0.58–10.72)

24 (14)
46 (27)
41 (25)
55 (33)
1 (1)

39 (32)
40 (33)
18 (15)
21 (17)
3 (3)

Reference
1.87 (0.96–3.62)
3.70 (1.75–7.85)
4.26 (2.08–8.70)
–

PD: peritoneal dialysis; OR: odds ratio; CI: confidence interval; CKD:
chronic kidney disease; HHD: home haemodialysis; ICHD: in-centre 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.

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% CI: 4.91–10.29).
Regarding centre characteristics, non-academic centres
and centres with 100–200 dialysis patients significantly
more often had an assisted PD programme (Table 1). Compared to centres with <100 patients (i.e. centres with <50
and 50–100 patients combined), centres with >100 dialysis
patients (i.e. centres with 100–200 and >200 patients
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Table 2. Association between financial factors and the availability
of an assisted PD programme.a
Assisted PD
programme
Yes
No
(n ¼ 167) (n ¼ 121)
Profitability of PD
Equal to ICHD
Better than ICHD
Worse than ICHD
Unknown
Impact of KRT
distribution on
income
nephrologists
No impact
PD more profitable
ICHD more
profitable

56
7
51
53

(34)
(4)
(30)
(32)

37
4
46
34

(31)
(3)
(38)
(28)

Crude OR
(95% CI)
Reference
1.16 (0.32–4.23)
0.73 (0.41–1.30)
1.03 (0.57–1.87)

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

Proportion of ESKD patients on a home dialysis
modality
141 (85)
12 (7)
14 (8)

95 (79)
3 (2)
23 (19)

Reference
2.70 (0.74–9.81)
0.41 (0.20–0.84)

PD: peritoneal dialysis; ICHD: in-centre 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.

combined) also significantly more often had an assisted PD
programme (crude OR: 2.13; 95% CI: 1.32–3.43).
Regarding organisational factors, centres 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%
CI: 2.53–154.72). Also, centres with a dedicated team for
education significantly more often had an assisted PD programme, with an increasing OR if more fulltime-equivalent
was available.
In the multivariable analysis, only centre size was no longer an independent predictor for the presence of an assisted
PD programme (OR: 1.44; 95% CI: 0.78–2.67), while Western European and Scandinavian regions (OR: 5.73; 95%
CI: 3.07–10.68), non-academic centres (OR: 2.01; 95% CI:
1.09–3.72), education on PD (OR: 9.04; 95% CI: 1.07–76.18)
and a dedicated team for education (OR: 2.87; 95% CI:
1.35–6.11) remained independent predictors.

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 centre. In
addition, there was no association between profitability of
PD and the availability of an assisted PD programme.

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 centre 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 centre was <10%, while only 9% indicated that the incidence
was >30%. For Scandinavia, an incidence >30% was indicated by 27% of respondents.
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 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%.

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. A
2 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 centre 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% CI: 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% CI: 2.03–5.33).
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Figure 1. Proportion of incident ESKD patients on home dialysis according to region.

Figure 2. Proportion of prevalent ESKD patients on home dialysis according to region.

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 centres
and centres 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.
This is the first study to investigate variations in centre
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
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Figure 3. Availability of an assisted PD programme and proportion of patients on a home dialysis modality.
On the left, the proportion of incident patients on home dialysis is shown for centres with an assisted PD programme (dark grey bars)
and centres without an assisted PD programme (light grey bars). Just over 40% of centres with an assisted PD programme have 10–20%
of their incident patients on a home dialysis modality, while 52% of centres 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 centres with an
assisted PD programme (dark grey bars) and centres without an assisted PD programme (light grey bars); 43% of centres with an
assisted PD programme have 10–20% of their prevalent patients on a home dialysis modality, while almost 46% of centres without an
assisted PD programme have <10% of their prevalent patients on home dialysis.

single country. This study consisted of a survey among 286
German nephrologists and concluded that centres 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 centre 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 a role 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 programmes 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 centre 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
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 centres 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 centre, 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.

8

Peritoneal Dialysis International XX(X)

In conclusion, assisted PD programmes are significantly
more often available in Western Europe and Scandinavia,
in non-academic centres and centres 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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