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Abstract
Background The guidelines for training of patients and caregivers to perform home peritoneal dialysis (PD) uniformly include 
recommendations pertaining to the prevention of peritonitis. The objective of this study conducted by the International 
Pediatric Peritoneal Dialysis Network (IPPN) was to investigate the training practices for pediatric PD and to evaluate the 
impact of these practices on the peritonitis and exit-site infection (ESI) rate.
Methods A questionnaire regarding details of the PD program and training practices was distributed to IPPN member 
centers, while peritonitis and ESI rates were either derived from the IPPN registry or obtained directly from the centers. 
Poisson univariate and multivariate regression was used to determine the training-related peritonitis and ESI risk factors.
Results Sixty-two of 137 centers responded. Information on peritonitis and ESI rates were available from fifty centers. 
Training was conducted by a PD nurse in 93.5% of centers, most commonly (50%) as an in-hospital program. The median 
total training time was 24 hours, with a formal assessment conducted in 88.7% and skills demonstration in 71% of centers. 
Home visits were performed by 58% of centers. Shorter (< 20 hours) training duration and lower number of training tools 
(both p < 0.02) were associated with higher peritonitis rate, after adjustment for proportion of treated infants and income of 
country of residence.
Conclusions An association between training duration and the number of training tools represent potentially modifiable risk 
factors to reduce peritonitis rates within the pediatric PD population.
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Introduction

Peritoneal dialysis (PD) is a frequently used long-term 
kidney replacement therapy (KRT) in children, espe-
cially in the pre-adolescent age group [1, 2]. Peritoni-
tis is the most significant complication of the therapy, 
as the infection is associated with an increased risk for 
technique failure, hospitalization, severe morbidity and 
mortality [3–5].

Improvements in PD connectology along with greater 
clinical experience have led to a significant decline in 
peritonitis rates globally. The International Society for 
Peritoneal Dialysis (ISPD) has published evidence and 
opinion-based guidelines designed to reduce the risk 
of peritonitis in infants, children, and adolescents [6]. 
Implementation of standardized care programs has also 
contributed significantly to the development of strategies 
to further reduce infectious complications [5, 7]. Despite 
these resources, there remains wide variation in the fre-
quency of peritonitis in children reported from centers 
around the globe [8].

The ISPD training guidelines of 2006 laid the foun-
dation for an effective home PD training program by 
emphasizing the need for a one-on-one trainer-patient 
ratio, as well as a comprehensive training protocol [9]. 
The updated guidelines published in 2016 further empha-
sized the importance of re-training and home visits as 
key components of training. The importance of assess-
ing the knowledge of the patient and/or caregiver at the 
conclusion of training was also emphasized [10, 11]. The 
ISPD position statements on prevention of peritonitis in 
adults [12] and children [13] have endorsed these train-
ing elements.

There is limited data from centers on the training prac-
tices for pediatric PD and the influence of these practices 
on peritonitis rate. There are, however, several possible 
barriers to providing effective training in a structured and 
uniform manner to all caregivers of children on dialysis 
which may serve as a potential influence on the rate of 
peritonitis. The lack of pediatric-specific training guide-
lines, variable educational level of caregivers, the lack of 
availability of trained pediatric PD nurses, and the absence 
of health-literate families in some centers all may com-
promise the efficacy of training. How widespread these 
training challenges are and how the presence or absence 
of training resources influence peritonitis rates in children 
is currently unknown. To further address the topic, the 
International Pediatric Peritoneal Dialysis Network (IPPN) 
developed and distributed a questionnaire to study the 
training practices for pediatric PD among its global mem-
bers and to evaluate the impact of these training practices 
on peritonitis and exit-site infection (ESI) rate.

Methods

The questionnaire to assess PD training practices was devel-
oped using Microsoft Forms as a part of the IPPN collabora-
tive and was distributed through email among 137 centers 
from 44 countries participating in the IPPN in early 2021. 
The email consisted of a detailed key pertaining to the ques-
tionnaire and informed the respondents that participation 
implied consent to share and publish center-aggregated data, 
as well as relevant details from the IPPN registry. Every 
center was requested to send a single response and the names 
of respondents along with the name of the center and coun-
try to prevent duplicate responses. The questionnaire (Sup-
plementary file 1) consisted of 44 questions pertaining to 
PD training and peritonitis rates in accordance with the 2012 
ISPD pediatric peritonitis guidelines [13]. Several questions 
addressed center details including the number and age range 
of patients on PD and the number of nurses participating 
in PD training. The centers were classified based on the 
number of patients per year (< 5, 5–10 and > 10 patients/
year). There were 30 questions pertaining to training prac-
tices including care-giver assessment, indications for and 
frequency of re-training and the goals and process for home 
visits. In addition, eight questions, directed to centers with 
incomplete IPPN infection related data entry, pertained to 
the number of treated patients (separately, below 2 years 
and 2 years of age and above) and number of peritonitis 
and ESI episodes between 01.01.2019 and 31.12.2020. In 
centers with complete IPPN data entries, information about 
the number of patients and peritonitis/ESI episodes during 
the observation period was derived from the IPPN database.

While all participating centers (n = 62) were included in 
the descriptive analysis, 12 centers with incomplete data 
either on the number of treated patients or number of peri-
tonitis episodes, were excluded from the analysis of factors 
associated with peritonitis rate.

The economic wealth of the countries of origin was 
classified based on gross domestic product (GDP) cor-
rected for purchasing power parity as low GDP (per 
capita GDP < 10,000$) and high GDP (per capita 
GDP > 10,000$). The low GDP cut-off value was based 
on the IPNA KRT Registry Data analysis, showing that 
beyond this value access to KRT is limited (F, Schaefer, 
D. Borzych, personal communication International Pedi-
atric Nephrology Association (IPNA) Congress Calgary 
2022). The low GDP group included centers from Argen-
tina, Colombia, India, Iran, Macedonia, Pakistan, Peru, 
Philippines, Tunisia, Turkey, and South Africa. The high-
income centers were located in Austria, Belgium, Canada, 
Chile, China, Czech Republic, France, Germany, Greece, 
Israel, Italy, Korea, Lithuania, Malaysia, New Zealand, 
Poland, Portugal, Saudi Arabia, Slovenia, UAE, and USA.
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Statistical analysis

Continuous variables were expressed as median and 
interquartile range. Differences in group means (log 
transformed in case of non-Gaussian distribution) were 
assessed using mixed linear models. Differences in 
proportions were assessed using the chi-squared test. 
The annualized rate of peritonitis was calculated as the 
number of episodes per patient year of dialysis. To assess 
training-related factors associated with peritonitis and 
ESI, we used a univariate and multivariable generalized 
linear model (GLM) approach assuming an underlying 
Poisson distribution and a log link function. To account 
for center-specific characteristics, we fit additional 
variables including gross domestic product of the country 
of residence (low vs. high) and the proportion of treated 
infants (%).The following training-related categorical 
variables were included: training duration below or 
above 20  h, regular reassessment vs. reassessment 
following peritonitis only, use of the VARK (visual, 
auditory, reading, and kinesthetic) tool, use of dummy 
patient/machine, home training, home visits, and remote 
monitoring. The continuous variables included the 
number of training tools used and the number of persons 
trained. As a formal training assessment was conducted 
in almost all (47/50) centers with available peritonitis/
ESI data, this item was excluded from the analysis. 
Parameters with p value < 0.25 in univariate analysis 
were selected for a multivariate analysis. Differences 
in peritonitis rates were summarized by using adjusted 
rate ratios (RR) with 95% confidence intervals (CI). A 
p value of < 0.05 was considered significant. Statistical 
analyses were performed using SAS version 9.4.

Results

We obtained responses from 62 of the 137 centers (45.2%) 
who received the questionnaire. The responding centers 
were distributed across 32 countries and managed 1033 
children on PD over the 2-year period of observation. The 
regional distribution of centers that participated in the 
study is described in Fig. 1. A summary of the results of 

Fig. 1  The geographic distribu-
tion of centers participating in 
the study
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Table 1  Summary of the results of the survey from all centers and 
from centers with data on peritonitis rates

PD peritoneal dialysis, VARK visual, auditory, reading, kinaesthetic

Variable All centers
N (%)

Centers with 
peritonitis data 
N (%)

Number of centres 62 50
Number of children represented 1033 888
Number of children older than 2 years 778 (75%) 669 (75%)
Pediatric trained PD nurse 58 (94%) 48 (96%)
PD training location:

  In-hospital only
  Out-patient only
  Combined

31 (50%)
6 (10%)
25 (40%)

22 (44%)
5 (10%)
23 (46%)

Use of VARK tool 18 (29%) 15 (30%)
Training tools

  Posters
  Videos
  Dummy patients
  Dummy machines
  Simulation tools

37 (60%)
30 (48%)
43 (70%)
28 (45%)
23 (37%)

32 (64%)
23 (46%)
35 (70%)
21 (42%)
17 (34%)

Formal assessment of training 62 (89%) 46 (92%)
Re-assessment of training 24 (39%) 20 (40%)
Home visits 36 (54%) 26 (52%)
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the survey of all centers and the centers with peritonitis 
data is included in Table 1.

The majority of children (778/1033, 75.3%) were 2 years 
of age and older. In 6 centers (5 of these from “low income” 
countries), there were no children < 2 years of age (infants) 
during the observation period. Of the 1033 children, 834 
(80.7%) were receiving automated peritoneal dialysis (APD) 
and the remainder were on continuous ambulatory peritoneal 
dialysis (CAPD). In all centers except one, the PD programs 
were managed by pediatric nephrologists. There were 22 
centers treating less than 5 patients/year, 18 centers with 
5–10 patients/year, and 22 centers with > 10 patients/year.

PD training was conducted by an experienced pediatric 
PD nurse in the majority (58/62, 93.5%) of centers. The 
centers had a median (IQR) of 2 (2,4) nurses conducting 
the training. The nurse: trainee(s) ratio was 1:1 in all cent-
ers. The training was conducted only as an in-hospital pro-
gram in 31 (50.0%) centers, as a combined in-hospital and 
out-patient program in 25 centers (40.3%) and only in the 
out-patient setting in 6 (9.7%) centers. Additional training 
in the home environment was provided in 9 (14.5%) cent-
ers. Training was conducted for a median (IQR) of 10 (7.14) 
days and for about 24 (18,30) hours per trainee.

Forty-five centers (72.5%) trained more than one per-
son and a median (IQR) of 2 (1,2) caregivers were trained 
per patient. All centers trained mothers and 15 (24.2%) 
centers trained both parents. Children older than 12 years 
were trained in 21 (33.9%) centers. Eighteen centers 
(29.0%) used the VARK tool to assess the trainees’ pre-
ferred method of learning prior to the training. The median 
number of tools used for training were 4 (2,5). All centers 
except one used written material for training the caregiv-
ers. Posters and videos were used as educational mate-
rial in 37 (59.7%) and 30 (48.4%) centers, respectively. 

Dummy patients were used in 43 (69.3%) centers, dummy 
machines in 28 (45.2%) centers and simulation in 23 
(37.1%) centers (Fig. 2). Take-away learning material was 
distributed in 54 (87.1%) centers.

A formal assessment of the caregivers at the end of 
training was conducted in 55 of the 62 centers (88.7%). 
Demonstration of skills was incorporated into the assess-
ment in 39 (70.9%) of these centers. The remaining cent-
ers used a combination of verbal and written assessments. 
Remote monitoring facilities were available in 44 (71%) 
centers.

Re-assessment of training principles was conducted regu-
larly in 24 (38.7%) centers, whereas in 34 (54.8%) centers, 
it was done only after an episode of peritonitis or ESI. Re-
assessment of training incorporated demonstration of skills 
in 28 centers (45.2%).

Home visits were conducted by 36 (58.1%) centers and 
nearly two-thirds of these centers (22/36, 61.1%) carried 
out an initial home visit prior to the initiation of PD. A 
single home visit before PD initiation was performed by 
11 centers, a visit following PD initiation by six centers, 
one visit before and one after PD start by 2 centers, and 
regular home visits every 3 to 12 months by nine centers. 
Eight centers performed home visits by indication only. In 
all except 4 centers, a PD nurse was the primary person 
conducting the home visit. In 24 (66.6%) of the 36 centers, 
the PD nurse observed dialysis being performed during the 
home visit.

Comparing the PD modality and training practices 
between countries based on GDP, we found that CAPD 
was used more frequently (69.3% vs. 14.5%, p < 0.0001) 
and the proportion of centers providing PD in children 
younger than 2 years was significantly lower (68.7% vs. 
97.8%, p < 0.0001) in centers located in countries with a 

Fig. 2  Tools used for training 
families in long-term peritoneal 
dialysis
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low GDP. Home training (3.4% vs. 24.2%, p = 0.029) and 
home visits (41.3% vs. 72.7%, p = 0.02) were conducted 
less often in countries with a low GDP when compared 
to those countries with a high GDP.

Peritonitis and ESI rates were calculated in 50 cent-
ers (888 patients) with complete data. There were 405 
episodes of peritonitis in 989 patient years of dialysis, 
resulting in an annualized peritonitis rate of 0.41. Of 
these, 186 (45.9%) episodes were caused by gram-positive 
organisms, 107 (26.4%) by gram-negative organisms, 101 
(24%) episodes were culture negative and 11 (2.7%) were 
caused by fungal organisms.

In the univariate analysis (Table 2), the risk of peri-
tonitis was positively associated with the percentage 
of infants treated (RR 1.012, 95% CI 1.005–1.016), 
p = 0.0006). In terms of the relationship with training 
characteristics, the overall peritonitis rate was signifi-
cantly higher in centers with a shorter training duration 
(< 20 h) (p = 0.01) and lower dummy patient/machine use 
(p = 0.02). The latter finding could not be explained by 
either an association with GDP or with the percentage of 
treated infants.

The number of care-givers trained, use of VARK tool, 
regular re-assessment, and availability of remote monitor-
ing were not associated with the rate of peritonitis.

In the multivariable linear Poisson regression analy-
sis, peritonitis rate was independently predicted by train-
ing duration below 20 h and inversely by the number of 
training tools used after adjustment for the percentage of 
treated infants and GDP.

One hundred and forty-four ESIs were recorded during 
the 2 years, corresponding to an ESI rate of 0.15 episodes 
per patient year. No associations between training prac-
tices and ESI rates were found.

Discussion

This study of training practices in pediatric PD centers par-
ticipating in the IPPN found that while there were many 
differences in training practices, the majority of centers had 
experienced nurses as trainers, used a variety of training 
tools and conducted formal assessments after completion 
of the training program. Regular re-assessments, re-training 
and home visits were conducted in fewer centers. Countries 
with a low GDP had fewer infants on dialysis, higher use of 
CAPD and a lower prevalence of home training and home 
visits. Most importantly, when adjusting for GDP and the 
proportion of infants on dialysis, peritonitis was indepen-
dently and inversely associated with the duration of training 
and the number of tools used for training.

The first ISPD recommendations for PD training pub-
lished in 2006 provided some basic recommendations to 
nurses about the nurse to trainee ratio, duration of train-
ing, protocols for training, training tools and emphasized 
the importance of re-training and home visits [9]. However, 
these recommendations were based on limited evidence that 
was available in the area of PD education. A more recent 
set of recommendations proposed a syllabus for training, 
emphasized the importance of tailoring the training program 
to individual patient requirements and highlighted the value 
of follow-up assessments [11].

Studies in adult patients on PD have revealed conflict-
ing results regarding the impact of PD training practices 
on patient outcomes [14]. A recent large analysis from the 
PDOPPS study showed that in adult patients on PD, there 
was a marked variation in training practices across cent-
ers globally. No training related factors were associated 
with peritonitis [15]. Other adult studies have also failed to 
show any relationship between peritonitis rates and either 

Table 2  Univariate and 
Multivariate Poisson regression 
analysis of factors predicting 
peritonitis rate

PD peritoneal dialysis, GDP gross domestic product; VARK tool: visual, auditory, reading, and kinesthetic tool

Univariate Multivariable

Variable RR (95%CI) p value RR (95%CI) P value

Infants on PD (%) 1.011 (1.004–1.016) 0.0006 1.013 (1.007–1.019) 0.0001
GDP below 10.000$ 1.211 (0.970–1.511) 0.08 1.428 (1.097–1.858) 0.009
Training time < 20 h 1.331 (1.070–1.655) 0.01 1.318 (1.043–1.666) 0.02
Number of training tools 0.959 (0.896–1.027) 0.23 0.896 (0.813–0.988) 0.02
Use of dummy patient/machine 1.313 (1.032–1.671) 0.02 1.385 (0.991–1.936) 0.05
Home training 1.438 (0.776–2.664) 0.24 1.085 (0.732–1.608) 0.67
Home visits 1.154 (0.941–1.415) 0.16 1.149 (0.913–1.445) 0.23
Number of caregivers trained 0.951 (0.822–1.101) 0.49 – –
Regular reassessment 1.097 (0.893–1.349) 0.36 – –
Use of VARK tool 1.01 (0.824–1.246) 0.89 – –
Remote monitoring 0.936 (0.732–1.197) 0.59 – –
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post-training test scores or length of clinical/teaching expe-
rience of the trainers [16, 17]. In contrast, some additional 
studies have found that post training scores [18], pre-dialysis 
training, home visits and re-training [19] were associated 
with lower rates of peritonitis. Importantly, non-compliance 
with key steps of the PD process and an associated decline 
over time in the patient’s knowledge and skills has been 
revealed during home visits [20, 21]. Studies in adults on 
PD, despite variable results, have shown that PD training 
is a key aspect of a PD program and is believed to be an 
important tool for the prevention of peritonitis [22].

PD in children is different from that performed in adults 
as it is most often performed by the children’s parents/car-
egivers and this, in addition to other aspects of CKD care, 
certainly contribute to caregiver burden and potential burn-
out [23]. Here too, training is seen as an essential step to 
decrease the risk of infectious complications. However, lim-
ited data pertaining to the training of pediatric caregivers 
for home PD have been published to help inform providers 
on the optimal composition of training in the pediatric set-
ting, and the presence of any relationship between training 
content and the rate of infection. In the largest study to date 
which addressed the training of pediatric PD caregivers, 
Holloway et al. demonstrated that centers training larger 
numbers of patients and training programs with longer train-
ing time dedicated to theory and practical skills experienced 
lower peritonitis rates [24]. Home visits or training in the 
home environment did not influence the rate of peritonitis. 
Based on this study, the ISPD advisory committee recom-
mended an extended duration of training with an adequate 
emphasis on theoretical and practical aspects of care as 
measures to reduce peritonitis [11].

Our questionnaire demonstrated that most of the training 
programs for pediatric PD conformed to the recommenda-
tions of the ISPD [11]. The participating centers had trained 
pediatric PD nurses, used a 1:1 trainer to trainee ratio and 
made use of a variety of training tools to cater to different 
learning preferences. Different studies have used different 
sets of training tools [14] and there is little evidence to sug-
gest that one set of training tools is superior to another. The 
use of structured training programs [25, 26], and simulation 
tools [27] have also been found to be useful for training.

The majority of centers in this analysis conducted training 
in the hospital setting, and some centers had additional train-
ing in the home environment as well. Centers from countries 
with a low GDP had a lower prevalence of home training and 
this may reflect a lack of resources and logistical challenges 
in these settings.

While various studies in adults and children have found 
an association between individual components of training 
and the rate of peritonitis, we found that several factors influ-
enced the peritonitis rate. The duration of training < 20 h 
emerged as an important risk factor for peritonitis in the 

current analysis. This finding confirms the study results from 
Holloway et al. which, as noted above, also emphasised the 
important influence of training duration on the rate of peri-
tonitis [24]. Our findings are quantitatively in keeping with 
the ISPD recommendation that training be conducted for 
10 days with 2 h of training each day [11].

As recommended by the ISPD, the majority of centers 
from the IPPN in this study conducted a post training assess-
ment which included the demonstration of skills necessary to 
perform PD. The relationship between post training scores 
and the risk of developing peritonitis is variable [18]. A 
previously published study demonstrated that the scores on 
an objective, structured assessment at the end of training 
correlated with the rate of peritonitis [25]. However, since 
the vast majority of the centers in our study conducted a post 
training assessment, its influence on the rate of peritonitis 
could not be determined.

Regular re-assessment and re-training were performed 
only in about a third of centers. Prior studies have shown an 
attrition of knowledge and skills necessary to perform PD 
and emphasized the need for periodic re-assessment and re-
training in adult patients on PD [20]. Regular re-assessment 
of skills as part of a follow-up care bundle practiced by the 
SCOPE collaborative in children has previously been shown 
to be associated with a decreased frequency of peritonitis 
[5]. The lack of influence of the re-assessment of skills on 
the peritonitis rates in our cohort may be confounded by 
the small number of centers incorporating this practice. On 
the other hand, re-training was conducted in the majority of 
centers following an episode of peritonitis. This approach 
does permit targeted education if the cause for the infection 
can be determined.

Home visits have been shown in various studies to be 
useful to directly observe skills, investigate non-compliance 
and to be associated with a reduction in the rate of perito-
nitis [28]. Home visits were performed only in about half 
the centers in our cohort and there was a significantly lower 
prevalence of home visits in centers residing in countries 
with a low GDP. Lack of resources and manpower, logistic 
and financial constraints and distance from the hospital are 
possible reasons that visits to a patient’s home were limited.

Infants are a unique group of patients who are well rec-
ognized to be at higher risk for peritonitis. Data from the 
SCOPE collaborative has also revealed that infancy is asso-
ciated with a high risk of peritonitis, with stomas and surgi-
cal interventions being important associated risk factors for 
this group of patients [29]. In our study as well, we found 
that the proportion of infants cared for in a center indepen-
dently predicted the peritonitis rate. Future studies focus-
sing on potentially modifiable risk factors for infection in 
this group of patients may result in the inclusion of specific 
training components that should be particularly emphasized 
for caregivers of infants on PD.
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Centers from countries with a low GDP experienced a higher 
frequency of peritonitis, as well as a higher use of CAPD, and a 
lower use of home training and home visits. However, none of 
these factors independently influenced peritonitis rates. Another 
study from the IPPN found that the rate of culture negative 
peritonitis was higher in low-income countries as well, but other 
factors related to peritonitis were not different [30].

There are limitations in this study. The almost universal 
use of many training features precluded the evaluation 
of their association with peritonitis or ESIs. Also, since 
our survey of training practices included only centers 
participating voluntarily in the IPPN registry, it may not 
completely reflect variations in global practices. In addition, 
since the study focussed on center-based training practices, 
it is limited by its inability to capture patient-specific 
data (number of children with stomas, socioeconomic 
and educational level of caregivers, etc.) which may 
independently influence peritonitis rates.

However, a substantial strength of our study is the 
pediatric specific focus of the study and the inclusion of an 
objective outcome parameter (i.e., peritonitis rate) collected 
from a large number of pediatric PD patients and centers, 
which adds an important dimension to the interpretation of 
the data obtained from the questionnaire.

In conclusion, this study demonstrated that the training 
practices in pediatric PD are commensurate with the 
recommendations of the ISPD. The questionnaire results and 
the accompanying data pertaining to peritonitis calls attention 
to a number of training characteristics (e.g., duration of training, 
use of training tools) that influence the rate of peritonitis 
and need to be taken into account in the development or 
modification of training practices for pediatric PD. Ongoing 
assessment of this important aspect of PD management in 
children should further inform interventions designed to further 
decrease the rate of infection and enhance the duration of PD as 
a viable kidney replacement therapy for children.
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