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Abstract

Background To describe the factors affecting the incidence of renal replacement therapy (RRT) among children, information
from RRT registries is required. We aimed to give an overview of existing pediatric RRT registries worldwide, identify regions
with a need to commence or increase data collection on pediatric RRT, and provide a rationale for developing a global RRT
registry.

Methods A survey assessing pediatric RRT registry status was sent to International Pediatric Nephrology Associateion (IPNA)
members in 127 countries in January 2016. The survey was complemented by a systematic literature search for active pediatric
RRT registries.

Results Complete survey responses were retrieved from 94 countries (representing 86.2% of the world childhood population),
with 84 (81.2%) having the means to provide RRT to children, given that there are no other limitations such as financial, social, or
religious restraints. Fifty-one (35.3%) countries had national registries for both dialysis and transplantation, nine (30.0%) either
had a dialysis or a transplant registry, six participated in international registries only (2.7%), and in 18 (13.2%), children on RRT
were not followed in any registry. The search identified 92 pediatric RRT registries, primarily national registries located in
Europe, North America, and Asia.

Conclusions Although pediatric RRT can be provided in 84 countries representing 81.2% of the world’s childhood population,
national pediatric RRT registries are unavailable in many countries. To improve knowledge about the incidence and outcomes of
pediatric RRT around the globe, an international population-based pediatric RRT registry has recently been initiated.
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Introduction

Renal replacement therapy (RRT) is a life-saving, high-cost
treatment that requires expertise and sustained funding.
Whereas RRT has been available for children in developed
countries for almost 50 years, it has only recently been intro-
duced or is still largely unavailable in many developing coun-
tries [1]. The incidence rates of RRT in children vary consid-
erably on the global scale, from four per million age-related
population (pmarp) in developing nations to 14 pmarp in de-
veloped countries [2]. The variation in incidence rates is be-
lieved to be largely explained by differences in national wealth
and health expenditure. However, even within countries with
comparable wealth and health expenditure, variation in RRT
incidence is present [2, 3].

In addition, differences in healthcare organization and de-
livery at a national level, ethnic differences in disease preva-
lence and sociocultural variation in the approach towards con-
genital and chronic disease in children may add to the ob-
served variation in incidence rate and access to RRT.
Information from RRT registries offers the potential of a better
understanding of the factors affecting pediatric RRT incidence
rates at an ecological level [4, 5]. Moreover, clinical quality
RRT registries may improve the quality of care, since in addi-
tion to incidence and prevalence rates, they reveal data on
practice patterns and outcomes [5, 6].

Consequently, most developed countries have
established national pediatric RRT registries, either as
stand-alone databases or integrated into adult renal regis-
tries. However, it is well recognized that population-based
national renal registries of adult patients are still unavailable
for countries that altogether comprise at least half of the
world’s population [7]. This leaves a large part of the global
end-stage renal disease (ESRD) population unidentified and
their caregivers and health care providers uninformed about
the size of the treatment challenges ahead. Similarly, current
data regarding the global availability of pediatric RRT reg-
istries are lacking.

To initiate global collaboration and to help create pediatric
RRT registries in countries without such a registry, the
International Pediatric Nephrology Association (IPNA) has
recently started the IPNA Global RRT Registry. This paper
aims to: (1) give an overview of existing renal registries
reporting on pediatric RRT, (2) identify regions with a need
to commence or expand data collection on pediatric RRT, and
(3) provide the rationale for the initiation of this global RRT

registry.

Methods

For this article, we combined an Internet-based survey
among IPNA members with a systematic literature search
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for pediatric renal registries to identify existing pediatric
RRT registries. We defined a RRT registry as a systematic
collection of a clearly defined set of health and demograph-
ic data for patients on RRT, held in a central database [5].
All data generated or analyzed during this study are includ-
ed in this published article and its supplementary informa-
tion files.

Survey

We identified a total of 176 countries with more than
300,000 inhabitants (representing 99.9% of the world’s
population). In 127 of these 176 countries, representing
93.2% of the global childhood population under 15 years
of age, an IPNA member was identified and contacted (see
Fig. 1). In the period from January to March 2016, the sur-
vey was electronically distributed. No paper surveys were
sent. If a country had more than one IPNA contact, the
individual believed to have the greatest expertise in RRT
registries was selected. If a contact believed that a colleague
was more suitable to complete the survey, the survey could
be forwarded. If multiple responses from one country were
received and responses were discrepant, both respondents
were contacted and consensus was reached. Surveys were
not sent to the 49 countries (representing 6.8% of the global
childhood population) without an IPNA member. These
gaps were located in Africa (n=24), Latin America (n=
9), Asia (n=15), and Europe (n=1).

The survey comprised four closed and five open-ended
questions assessing the estimated numbers of prevalent
chronic pediatric RRT patients, treatment modalities, and
the registry status of each individual country (see
Online Resource 1). Question response types included
multiple-choice and free text responses. Reminders were
sent three and six weeks after the initial survey was distrib-
uted. The survey closed in November 2016. Information on
population size was collected from the World Bank [§8]. As
we did not use or collect any patient identifiable data, ethical
approval was not required.

Literature search

An electronic search was performed to identify registries of
children with ESRD receiving RRT. The search strategy
was based on the strategy used in a recent systematic re-
view describing adult renal registries around the world [7].
The search terms used were combined with fields referring
to pediatric data (see Online Resource 2). All human stud-
ies identified were included without date or language re-
strictions. Titles and abstracts were screened to identify
articles that could potentially meet the inclusion criteria,
which was confirmed by full-text review. Electronic
searches for pediatric renal registry websites were also
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performed. If the website or obtained article was in a lan-
guage other than English or Dutch, Google Translate was
used for translation. Finally, the reference lists of all eligi-
ble articles, including review articles, were manually
reviewed for potential additional information regarding pe-
diatric renal registries.

Registries meeting the following inclusion criteria were
selected: (1) inclusion of pediatric data (less than 21 years
of age), (2) data on chronic RRT (dialysis and/or kidney
transplantation), and (3) active in the past 10 years (i.e.,
2006-2016). Cohort studies, birth registries, and registries
on renal biopsies, rare diseases, or acute kidney injury
only were excluded. Registries were also excluded if there
was no publically available information on the registry
website or in published articles to determine the scope of
the registry. No attempts were made to establish contact
with the registry personnel. Survey respondent data were
reported as counts and proportions for all categorical var-
iables, and as absolute values for continuous variables.

Results
Survey
Response

Surveys were returned by respondents from 101 countries
(response rate 80%), comprising 88.9% of the world’s child-
hood population (see Fig. 1). Respondents identified them-
selves as pediatric nephrologists (60%), nephrologists
(14%), researchers (12%), pediatricians (3%), registry staff
(2%), or not specified (9%). The 26 countries from which no
response was received (representing 4.3% of the global child-
hood population) were located in Africa (n=7), Latin
America (n=4), Asia (n =6), and Europe (n=9). Childhood
population coverage by survey respondents varied by conti-
nent, from 73.4% in Aftrica to 99.7% in Northern America and
Oceania. Of the 101 country responses, seven were excluded
from further analysis because of incompleteness, leaving 94
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for analysis, which represented 86.0% of the world’s child-
hood population. The list of countries and their response status
is given in the supplementary material (See Online Resource
3.1).

Provision of RRT care

Ofthe 94 complete responses, ten contacts indicated that there
was no chronic pediatric RRT in their country (Ethiopia,
Ghana, Nepal, Mozambique, Cote d’Ivoire, Papua New
Guinea, Turkmenistan, Republic of Congo, Fiji, and the
Solomon Islands—together representing 4.7% of the world’s
childhood population) (see Fig. 2). In 35 countries with pedi-
atric RRT (representing 59.7% of the world’s childhood pop-
ulation), children are cared for by pediatric nephrologists in
combination with adult nephrologists or transplant surgeons.
In 43 countries (20.0%), children are primarily taken care of
by pediatric nephrologists alone. In four countries (1.6%;
Burkina Faso, Zambia, Guinea, and Burundi), pediatric ne-
phrologists are lacking and pediatric patients are cared for
by adult nephrologists (see Fig. 3). In two countries (0.7%)
(Ukraine and Colombia), pediatric transplant recipients are
referred to the transplant surgeon for long-term care.

Existing registries as reported by IPNA members
Of the 84 countries where chronic pediatric RRT is available,

49 (58.3%) representatives indicated that national registries
for both dialysis and transplantation are in place. One-third

G
e

Missing data
All modalities offered
HD and PD

HD only

E0OEDO

No pediatric RRT

=

of the registries (n = 17) may be incomplete, as some but not
all patients are followed. Five country representatives (6.0%)
indicated that they only have a national dialysis registry and
five (6.0%) reported that they have a national transplant reg-
istry only. A total of 18 responses (21.4%) indicated there
were no national registries for pediatric RRT in their country.
In six (7.1%) countries, data were contributed to international
registries only, and one (1.2%) had a national peritoneal dial-
ysis (PD) registry and contributed to an international trans-
plant registry. As shown in Fig. 4, in Europe and North
America, almost all countries have national registries. In con-
trast, population-based pediatric RRT registries are lacking in
large parts of Africa, Asia, and Latin America.

Systematic literature search: Characteristics
of registries

The literature search yielded 380 references that included at
least one data element suggesting pediatric renal registry ac-
tivity. After screening titles and abstracts, 85 remained.
Manual Internet searches resulted in information relevant to
seven additional registries. In total, 92 pediatric RRT registries
were identified.

Most registries (n =67, 72.8%), were organized on a na-
tional level. Twelve smaller registries (13.0%) were organized
on a regional level (i.e., a province or a region of a country)
and 13 (14.1%) larger registries were international. Of the
national pediatric RRT registries, 11 (16.4%) reported on di-
alysis only, 13 (19.4%) reported on kidney transplantation

Fig. 2 Countries were pediatric renal replacement therapy is offered according to the survey. RRT renal replacement therapy, 7x transplantation, HD

hemodialysis, PD peritoneal dialysis

@ Springer



Pediatr Nephrol (2018) 33:863-871

867

Fig. 3 Specialist in charge of
treatment by RRT modality, given
as the percentage of the world's
childhood population, based on
94 complete survey responses
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Joint pediatric nephrologists and transplant surgeon 0 0 30.3
Joint pediatric and adult nephrologists 31.1 24.3 20.9
Adult nephrologist 1.7 0.4 0.6
Transplant surgeon 0 0 0.7
RRT modality not available 6.6 12.6 10.3
No (complete) survey response 14 14 14

only, and 43 (64.2%) reported on both dialysis and transplan-
tation. Those registries were primarily located in Europe, the
Asia/Pacific region, and North America (Fig. 5).

In the supplementary material (see Online Resource 3.2
and 3.3), an overview is given of all national pediatric RRT
registries that were identified either via our survey or via the
literature search. Seven RRT registries (in Israel, Lebanon,
Brunei Darussalam, Russia, Ireland, Croatia, and Bosnia and
Herzegovina) were identified through literature search only
because of the absence of an IPNA member contact or the
lack of response to the online survey (see Online Resource
3.4). For 19 countries, located primarily in Eastern Europe and
Asia, the existence of a pediatric dialysis registry was men-
tioned in the survey response, but could not be tracked by
literature/Google search. Survey respondents from 21 (mostly
Eastern European and Latin American) countries indicated the

existence of national pediatric transplant registries which were
not identified in the literature search.

International registries

Ten international registries and four inter-continental registries
were identified (see Online Resource 3.5). Two international
registries reported data on dialysis only, four on transplanta-
tion only, and four registries included both transplantation-
and dialysis-related data. The four intercontinental registries
were the International Pediatric Dialysis Network (IPDN), the
International Quotidian Dialysis Registry (IQDR), the
Collaborative Transplant Study (CTS), and the Cooperative
European Pediatric Renal Transplant Initiative Registry
(CERTAIN). IPDN was the largest dialysis registry and the
CTS was the largest transplantation registry. The largest
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DMissing Data
MlNational Tx and Dx registry
Dlncomplete Tx and Dx registry
Cox registry only

M international registry only
HNo registry

NG pediatric RRT

A

Fig. 4 Countries with national registries in place according to survey. Tx transplantation, Dx Dialysis, RRT renal replacement therapy

population-based continental RRT registries were the ones
organized by the Asociacién Latinoamericana Nefrologia
Pediatrica (ALANEPE) and the European Society Pediatric
Nephrology/European Renal Association — European
Dialysis Transplantation Association (ESPN/ERA-EDTA).
Seven country representatives (8.3%) indicated that all their
hemodialysis (HD) patients are followed in the IPDN, and only

Tasy yT
o

I No registry
M In literature and survey
[ In literature only

[ In survey only

,

one (Mali) indicated that there was no national registry. In ten
countries (11.9%), all the pediatric peritoneal dialysis (PD) pa-
tients are followed in the IPDN, and only one of them
(Macedonia) indicated that there was no national registry. For
transplantation, all patients from 24 countries (28.6%) are follow-
ed in an international registry, whereas in ten countries (11.9%),
some, but not all, patients are followed in international registries.

Fig. 5 Countries where a national pediatric renal replacement therapy (RRT) registry is present according to literature and/or survey
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Discussion

According to the survey respondents from 94 countries, chronic
pediatric RRT exists in 84 countries, but is absent in ten.
However, it should be emphasized that the existence of pediatric
RRT in a country does not guarantee access of all children to
RRT. For instance, in India and China, the world’s largest coun-
tries encompassing 32% of the global childhood population, the
estimated prevalence of pediatric RRT is less than 10% of that
observed in Western countries (pers. comm.). Reported pediatric
RRT availability merely means that basic facilities for performing
chronic pediatric RRT do exist in such country. In less-developed
countries, the actual accessibility to chronic RRT for children is
often importantly hampered by the paucity of RRT sites and
financial hurdles [9]. As chronic RRT requires sustained, high-
level funding and many patients in developing countries do not
have insurance or sufficient income to pay for RRT directly,
chronic RRT is often not feasible. Furthermore, in addition to
the financial constraints, some patients may also struggle with
various legal, social, and religious obstacles to RRT [9, 10].

Ten countries, representing 4.3% of the global childhood
population, apparently do not offer chronic pediatric RRT at
all. In five of these countries, all located in Africa, respondents
indicated that there are no pediatric nephrologists and patients
with acute kidney injury and in need of acute dialysis are taken
care of by adult nephrologists. In many developing countries,
adult nephrologists appear to play an important role in pediatric
RRT. This is likely related to the fact that pediatric RRT centers
are commonly located in urban areas, often far from where
children with ESRD are physically located, but in proximity to
rural adult dialysis centers [9]. We can, in turn, speculate that the
absence of a local pediatric nephrologist results in the limited
provision of pediatric RRT, in particular to younger children, as
adolescents are more frequently treated by adult nephrologists.

Given that the mean GDP in most of the 49 countries without
an IPNA member (representing 6.8% of the world’s children)
was similar or lower than that of the countries with a document-
ed complete lack of chronic RRT, these countries should prob-
ably be added to the number of countries without chronic pedi-
atric RRT. The impact of national GDP differences on the var-
iation of RRT incidence across countries has recently been dem-
onstrated for the European continent [3]. Macroeconomic differ-
ences limit the provision of RRT to the youngest children in
particular, with only the wealthier countries having the capacity
to treat pediatric patients of all age groups [3]. Globally, these
differences in macroeconomics may be the leading cause of
inequalities in access to care, with social and logistic issues
playing important additional roles [9, 10].

Pediatric RRT registries

Population-based national registries of pediatric RRT patients
are required to describe the global incidence of pediatric RRT

and to capture variations in treatment and outcomes. It appears
that most developed countries have national registries for both
dialysis and transplantation in place. In contrast, large parts of
Africa and the Middle East either do not have a registry at all,
or appear to have a registry that is limited to certain regions.

The lack of comprehensive registries in developing coun-
tries is plausible because a renal registry requires substantial,
long-term investment by payers and health care providers, and
also requires a critical mass of administrative/technical staff
[4, 5, 7]. In addition to funding, good infrastructure and com-
munication between RRT centers and registry staff (facilitated
by reliable internet access) is required. Whereas the concen-
tration of care in large hospitals should facilitate patient mon-
itoring, it may be challenging, especially in very large coun-
tries. In such countries, geographic distances and poor infra-
structures often result in decentralized care in adult nephrolo-
gy or non-specialized pediatric units, which could result in
incomplete registration of children in national RRT databases
and underestimation of the pediatric RRT or ESRD incidence.

Finally, most international registries that do exist are not
population-based, meaning that they do not receive data from
all pediatric RRT centers. The problem with inclusion of data
from registries that are not population-based is that demo-
graphic information derived from those sources may be in-
complete and potentially biased due to overrepresentation of
well-organized centers with a particular interest in RRT [10].
Until now, a global population-based pediatric RRT registry
created with patient-level data has been lacking.

Strengths and limitations

We used a combination of a survey and a systematic literature
search to identify pediatric RRT registries. The response rate
to the survey was high, with IPNA representatives from 101
out of 127 countries providing information from regions
representing 86.2% of the world’s childhood population.
This could be achieved because of IPNA’s broad network,
comprising over 1500 pediatric nephrologists and allied pro-
fessionals in more than 100 countries around the world [7].
However, some potential limitations of this analysis should be
acknowledged. The combination of the survey and the litera-
ture search revealed some minor discrepancies. Some regis-
tries were exclusively found in the literature search because
we did not receive a response or did not have a contact person
in the respective country. Other registries were mentioned in
the survey, but could not be found in our electronic searches.
The absence of results in our literature search may not neces-
sarily mean that there is no registry activity in those countries
as they sometimes do contribute data to international regis-
tries. At the same time, some of the national registries may be
very difficult to detect when they are operating without pub-
licly available information like a website, periodic reports or
journal publications. An additional reason for these
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discrepancies could be that only one contact person per coun-
try completed our survey and answers may therefore not be
representative of the entire country. Another possible reason is
that respondents were not fully aware of any registry activity
in their country. This could have caused misrepresentation of
registry status for the entire country, ultimately leading to an
underestimation of the number of pediatric RRT registries
worldwide.

The IPNA Global RRT Registry

Our findings are in line with the recent findings of Liu et al.
regarding adult RRT registries and support the recommenda-
tions that emerged from that study: “Gaps in registry cover-
age, data collection, and completeness present an opportunity
for more productive collaborations to collect relevant data,
implement quality and standardization procedures, and pro-
vide broad access to comprehensive information to facilitate
the advancement in patient care and research.” [7] To this
end, the IPNA Council recently initiated a global collaborative
registry effort in the field of pediatric RRT. The IPNA Global
RRT Registry aims to: (1) empower clinical and translational
research through information on disease demographics, man-
agement, and outcomes; (2) benchmark performance on a
country level according to key performance indicators; and
(3) facilitate clinical trial planning through the collection of
information on available population sizes. Additionally, it is
hoped that this global registry will increase recognition of the
worldwide problem of pediatric ESRD and RRT, and high-
light discrepancies in the access to pediatric RRT services
between countries and continents [11—13]. This information
could then be leveraged to encourage governments and other
funders to make an even greater effort to improve pediatric
ESRD care.

Each national or international registry around the globe has
been invited to submit data on an annual basis to a core dataset
containing patient level data regarding age, sex, primary renal
disease, date and modality of RRT, as well as date and cause of
death. In addition, direct data submission will be made possi-
ble for countries without existing registries provided that com-
plete population coverage is attained. In this way, national
pediatric RRT registries will emerge by participation in the
international registry. The IPNA Global RRT Registry will
use the information obtained to produce reports describing
country-specific RRT incidence and prevalence, modality
choices, and patient survival rates. Detailed demographic
and benchmarking figures will be generated to compare
country-specific pediatric RRT characteristics on a regional
and global level. Ultimately, collaboration between the
IPNA registry and existing adult RRT registries will provide
the opportunity to better characterize the long-term outcome
of pediatric ESRD patients on a global basis.

@ Springer

Conclusions

To describe the global incidence of pediatric RRT and to cap-
ture variations in treatment and outcomes, registration of pe-
diatric RRT patients is warranted. Comprehensive national
pediatric RRT registry databases are still largely unavailable
for many developing countries, resulting in fragmented and
incomplete knowledge regarding pediatric RRT management
around the globe. To overcome these gaps in global registry
coverage and strengthen international collaboration, IPNA is
launching a global pediatric RRT Registry. Through this large-
scale collaborative effort, the collection of information will
ideally bring attention to the availability and complexities re-
lated to RRT care for children around the world.
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