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gEnEral introduction and outlinE oF thE thEsis





1introduction
End-Stage Renal Disease (ESRD) in children is a serious and life-threatening disorder. Data 
on long term outcomes show that overall mortality in young adults is about 30 times 
increased, compared to expected mortality in healthy age matched controls1;2. The risk of 
cardiovascular death in ESRD patients is increased more than 100 times3. In survivors to 
adulthood, juvenile ESRD has an important impact on somatic and psychosocial functioning 
in adult life: at least 40% of the adult survivors of ESRD with childhood onset suffer daily 
from somatic co-morbidity and about 20% are severely disabled1;4. As compared to the 
general population, these patients are significantly lower educated, more dependent in 
daily functioning, and twice as often unemployed5. Despite all progress that has been 
made in the technical aspects of chronic renal replacement therapy (cRRT), recent data on 
children on cRRT suggest that most of the unfavourable long term consequences may still 
be the fate of the current population6;7.

Contrary to the situation in adults, ESRD in children is a rare disorder. In the western 
world, the yearly incidence rate of ESRD in patients < 19 years of age is about 6-8 per 
million age related population. On a population of 3.9 million people below the age of 
20 years in the Netherlands8 and 2.5 million in Belgium9, this implies on average about 
30 new patients per year in the Netherlands and 20 in Belgium. In order to maintain 
acceptable travel distances to the dialysis centre, patients can choose between several very 
small dialysis centres, of which there are 4 in the Netherlands and 6 in Belgium. 

It is unknown what the quality of care (QoC) in these dialysis centres is, and how 
this quality relates to health outcomes and use of medical and financial resources. Until 
the start of the RICH-Q project (Renal Insufficiency in Children- Quality assessment and 
improvement), no structural collaboration existed between these centres and there was 
no consensus on general guidelines with respect to dialysis treatment. RICH-Q was started 
in 2007 as a collaborative initiative of all Dutch and Belgian paediatric dialysis and renal 
transplantation centres. It aims to improve the QoC for children with ESRD by peer review 
and plenary discussion of prospectively recorded data on treatment characteristics and 
physical and psychosocial health outcomes applying the latest scientific evidence and 
guidelines on cRRT in children.

From the inception of RICH-Q, a few areas of focus were chosen. As cardiovascular 
disease is the main cause of death in young patients with ESRD1, one of the aims of the 
RICH-Q study is to focus on the detection and prevention of cardiovascular disease in 
children with ESRD. A reliable tool for early detection of cardiovascular disease would 
be helpful. For this purpose, Pulse Wave Velocity (PWV), an indicator of arterial stiffness 
that can be measured non-invasively, seemed to be an interesting measure for our 
study. Studies in adults with ESRD show that PWV is an early predictor of cardiovascular 
mortality10. In children with ESRD, a few studies on PWV as an indicator for cardiovascular 
outcome were recently published11-14. Although several devices to measure PWV exist, 
there has been no systematic investigation to compare these various different devices with 
respect to their validity, reproducibility, feasibility and responsiveness. To date, it is difficult 
to choose which device would be the best device to use in a study that aims to improve 
health outcomes, especially in our study in a paediatric population.
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Programs for cRRT in children in the Western countries have been developed based 

on experiences and studies in native children. A different cultural background as well 
as pharmacokinetic, immunologic or other biogenetic differences could be of influence 
on outcomes of dialysis as well as transplantation in children of non-Western origin as 
compared to native children. Over the last twenty years, the number of children on cRRT 
in the Netherlands and Belgium from non-Western origin has increased to such an extent, 
that it warrants exploration of these differences in order to optimise cRRT for all paediatric 
patients.

aiM oF thE thEsis
The main objective of this thesis is to study the current QoC for children with ESRD and to 
present a new approach for improvement of this QoC for children with ESRD. To address 
this question on the current QoC for children with ESRD in the Netherlands and Belgium 
a series of questions has to be answered:

1. What guidelines on the management of chronic dialysis in children currently exist? 
2. How were these guidelines developed and to what extent are their recommenda-

tions based on research evidence?
3. To what extent are international treatment guidelines implemented in the local treat-

ment policies of all Dutch and Belgian centres for cRRT in children?
4. What is the clinimetric profile in terms of validity, reproducibility and responsiveness 

for the available PWV measurement devices, and which of these PWV devices is op-
timally suited for use in children?

5. What is the intra-observer reproducibility of the PWV measured by the Sphygmocor 
device in children with ESRD?

6. Are the results of PWV measurements measured by the Sphygmocor and the Vi-
corder device comparable?

7. Are there differences in management policies in the 10 centres that provide pae-
diatric cRRT for children in the Netherlands and Belgium, and how do these policy 
differences impact on utilization of resources, and on eventual health outcomes of 
these patients?

8. Are there differences in the frequency, characteristics and outcome of renal trans-
plantation and dialysis in immigrant children compared to native Dutch and Belgian 
children? 

12



1outlinE 
Chapter 1 provides a short general introduction of the thesis.  

Part I describes the first efforts necessary for the assessment of the current QoC, 
which includes identification and assessment of existing treatment guidelines for 
children with ESRD and of the PWV and it’s suitability for use in the paediatric ESRD 
population. Chapter 2 presents a systematic overview of all current published guidelines 
for the management of chronic dialysis in children, with an assessment of their quality 
and the evidence on which they were based. In Chapter 3, a systematic overview of all 
existing data on clinimetric aspects (validity, reproducibility, responsiveness and feasibility) 
of PWV devices is given. In Chapter 4, the results of our study on the intra-observer 
reproducibility of the PWV measured by SphygmoCor in children with ESRD are presented. 
In Chapter 5, the results are presented of a comparison between the SphygmoCor device 
and another new device for the measurement of PWV, the Vicorder, in which both devices 
were compared with respect to reproducibility and feasibility for a possible use in the 
paediatric ESRD population.

In Part II, the first data on the current QoC are presented. Chapter 6 presents the results 
of our study on differences in management policies for children on dialysis between all 
treatment centres in the Netherlands and Belgium at the onset of the RICH-Q project and 
gives a comparison between stated treatment policies and currently available guidelines 
and with the actually performed care between 2007 and 2010. Chapter 7 presents 
differences in frequency, characteristics and outcome of renal transplantation in immigrant 
children compared to native Dutch and Belgian children. In chapter 8 characteristics and 
outcomes concerning dialysis are compared for these 2 groups. 

Finally, in Part III, a detailed description of the RICH-Q project is presented in Chapter 
9, which is a new approach to improve the QoC. Also, a few promising early results of the 
process of quality improvement are presented. A General Discussion of all findings in the 
present thesis is presented in Chapter 10. Here, implications for clinical practice are given 
and directions for future research are outlined. 
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aBstract 
Background. Clinical practice guidelines aim to improve the quality of care, e.g. the 
management of chronic dialysis in children. However, for clinicians it is not clear whether 
the quality of these guidelines is sufficient and whether the recommendations are  evidence 
based. In this systematic review, we aimed to identify all current published guidelines for 
the management of chronic dialysis in children, assess the quality of their development, 
and appraise the evidence on which the recommendations are based.

Methods. A search strategy was developed using search terms related to chronic dialysis 
in children. Four reviewers independently analyzed the quality of all identified guidelines, 
using a data extraction form containing questions derived from the Appraisal of Guidelines 
for Research and Evaluation (AGREE) Collaboration instrument. They also determined 
which of the recommendations were based on  evidence.

Results. Seventeen guidelines concerning 7 topics were identified, containing 369 
recommendations. None of the guidelines met all quality criteria, 10/17 guidelines met 
less than half of the criteria. Three recommendations were based on randomized clinical 
trials (RCTs) in children, 2 on adult RCTs, 9 on cohort studies in children, 4 in adults, and 
351 (95%) on expert opinion or consensus.

Conclusions. The development process of the few existing guidelines for the management 
of chronic dialysis in children is poor, and recommendations are insufficiently based on 
evidence. International collaboration is needed to set the agenda for and to conduct the 
needed RCTs and cohort studies, and for developing high quality management guidelines.  
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introduction 
Despite improvement in long term survival of children with end-stage renal disease (ESRD), 
the overall mortality and morbidity remains high1. In order to improve the health outcome 
of these children, guidelines for the management of ESRD have been developed. Practice 
guidelines are systematically developed statements to assist practitioners in making 
decisions about appropriate health care in specific clinical circumstances2. Several studies 
have shown that adherence to evidence- based guidelines leads to improvement in the 
quality of care provided3;4. Paediatric guidelines aim to ensure optimal health for children 
by enhancing the deliverance of up-to-date and evidence based care2. 

In the last 10 years the number of available practice guidelines for the management 
of chronic dialysis in children has grown. However, their quality has never been assessed 
systematically. The aim of this systematic review was to identify all current published 
guidelines for the management of chronic dialysis in children, assess their quality and the 
evidence on which they were based. To this aim we addressed the following questions

1. What paediatric guidelines on the management of chronic dialysis in children cur-
rently exist?

2. How were they developed? 
3. What is the level of evidence for the key recommendations? Is there a relation with 

the guidelines’ strength of recommendation?
4. Do these guidelines define and use quality indicators or “benchmarks”? 
5. Are there discrepancies between the various different recommendations in these 

guidelines?

suBJEcts and MEthods 
Clinical guidelines on the management of chronic dialysis in children were retrieved 
by searching PubMed using the following terms (alone or in various combinations): 
“guidelines”, “clinical guidelines”, “chronic dialysis”, “end-stage renal disease”, “ESRD”, 
“chronic kidney disease”, CKD, and “all children”. Results were limited to guidelines that 
focused on individuals aged less than 18 years. There was no limit for publication date. 
Furthermore, we searched websites of organizations known to produce guidelines for 
patients with ESRD (KDIGO5, KDOQI6, CARI7, UK renal association8, CSN-Canada9, ISPD9;10 
and EBPG-Europe11). Included were published clinical guidelines, written in English, that 
concerned children (0-18 years) receiving dialysis. Excluded were guidelines that concerned 
the management of kidney transplantation. 

We sent a list of the guidelines that had been identified through the literature search 
to 12 paediatric nephrology societies from all over the world by e-mail. We asked these 
societies which guidelines they use and recommend, and whether we had missed any 
guidelines. To make easy response possible, a uniform reply form was attached to the 
e-mail message. 

Four reviewers (NS, WT, JL and JG) independently reviewed all full text guidelines. 
To assess the development process of the guidelines, 22 questions were selected from 

19



2

the AGREE instrument12. The AGREE instrument is a tool that provides a framework to 
assess the quality of clinical practice guidelines and determines applicability to practice. 
It contains 23 key items organized in 6 domains and an overall assessment. Each item 
is rated on a 4 point scale, ranging from 4 “strongly agree” to 1 “strongly disagree”, 
with 3 “Agree” and 2 “disagree” in between. We found that the difference between 
“strongly (dis)agree” and “(dis)agree” is small and subjective, therefore we rated “agree”, 
“disagree” or “unclear” in our data extraction form.  

One item (“The patient’s views and preferences have been sought”) from the AGREE 
instrument was not used in our data extraction form because it was not applicable for 
our paediatric guidelines. Instead, 3 additional questions relevant to the working groups 
and development of the guidelines were added. “How many countries are represented 
in the working group?”, “How many different disciplines are represented in the working 
group?” and “Are the guidelines’ recommendations based on evidence, consensus, clinical 
experience or opinion?” .The additional questions were partly descriptive, and partly 
considered relevant for the appraisal of the quality and applicability of the guidelines. The 
22 remaining AGREE questions and the 3 additional questions concerned the following 
topics: working group, purpose, stakeholder involvement (3 questions each), development 
(7 questions), clarity (4 questions), applicability and editorial independence (5 questions). 

Since we left some questions out and added others, we did not use the original domain 
score system of the AGREE instrument. Instead, we report each item separately. Standardized 
data extraction forms were piloted and adapted before their final use (appendix 1).  

Apart from answering the above-mentioned questions, we searched for quality 
indicators or “benchmarks” in the guidelines. All recommendations were categorized 
according to clinical topics. We compared specific recommendations between different 
guidelines in order to identify possible discrepancies. The level of evidence, as reported 
by the guideline developers, was recorded on the data extraction form. Apart from this, 
the 4 reviewers independently rated the level of evidence on which each guidelines’ 
recommendation was based according to the UK National Health Service13 in categories 
labeled A, B, C, and D (Table 1). We compared the strength of evidence as reported by 
the guideline developers with the level of evidence as rated by the reviewers. Finally, 
we searched in the article and reference list whether each recommendation was based 
on studies including children or adults only. Disagreements were discussed with all 4 
reviewers until consensus was reached.

Table 1. Levels of evidence according to the UK National Health Service

Level of 
evidence Description 

A Consistent Randomized Controlled Clinical Trial
B Consistent Retrospective Cohort, Exploratory Cohort, Ecological 

Study, Outcomes Research, case-control study, or extrapolations from 
level A studies

C Case-series study or extrapolations from level B studies.
D Expert opinion without explicit critical appraisal, or based on 

physiology, bench research or first principles
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rEsults

literature search
The literature search identified 25 potentially relevant guidelines. After application of the 
inclusion and exclusion criteria 17 guidelines were selected (Table 2)14-30. None of the 
12 paediatric nephrology societies replied to our request or the reminder e-mails. The 
17 guidelines covered 7 different topics and were developed by 5 different professional 

Table 2. Included guidelines, arranged by topic.

Guideline topic (reference)
Developed 
by 

Year of 
publication

Peritoneal dialysis 
1. Clinical practice guidelines for PD adequacy14 KDOQI 2006
2. Guidelines by an ad hoc European committee on 
adequacy of paediatric PD prescription18 

EPPDWG 2002

3. Clinical practice guidelines for Paediatric PD15 CAPN 2006
4. Guidelines by an ad hoc European committee for elective 
chronic PD in paediatric patients16 

EPPDWG 2001

5. The choice of dialysis solutions in paediatric PD19 EPPDWG 2001
6. Consensus guidelines for the treatment of peritonitis in 
paediatric patients receiving PD20 

ISPD 2000

Hemodialysis 
7. Clinical practice guidelines for HD adequacy17 KDOQI 2006
8.Hemodialysis in children; general practical guidelines21 EPDWG 2005
Anemia 
9. Clinical practice guidelines for anemia in CKD22  KDOQI 2006
10. The management of anemia in paediatric PD patients23 EPPDWG 2003
Osteodystrophy 
11. Bone metabolism and disease in children with CKD29 KDOQI 2005
12. Prevention and treatment of renal osteodystrophy in 
children on chronic renal failure24

EPDWG 2006

Nutrition and Growth  
13. Clinical practice guideline for nutrition in children with 
CKD25

KDOQI 2009

14. Guidelines by an ad hoc European committee on the 
assessment of growth and nutritional status in children on 
chronic PD26

EPPDWG Not 
described

15. Nutrition and growth in kidney disease30 CARI 2005
Vascular Access   
16. Paediatric hemodialysis prescription and adequacy27  KDOQI 2006
Cardiovascular   
17. Overview of epidemiology of cardiovascular disease in 
children in dialysis patients28

KDOQI 2005

PD= Peritoneal dialysis; HD=Hemodialysis; CKD=Chronic Kidney Disease. 
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associations, the most important being the Kidney Disease Outcomes Quality Initiatives 
(KDOQI) and the European (Paediatric) Peritoneal Dialysis Working Group (E(P)PDWG), 
who developed 7 guidelines each. All guidelines were published between 2000 and 2009. 
In total the guidelines included 369 recommendations (Appendix 2). 

appraisal of guidelines
The results of the appraisal are shown in Table 3. The working group members consisted of 
between 115;18;21 to 10 disciplines27. For 6 guidelines the specific working group members 
were not described. In all other 11 working groups at least one paediatric nephrologist 
was involved. The working group members originated from 115;17;29 to 12 countries16;21;24. 
The working groups of 16 guidelines reported whether their guidelines were based 
on evidence, clinical experience, consensus or opinion. Although in 9 out of these 16 
guidelines, it was stated in the Methods section that the recommendations were evidence 
based, we actually could find evidence for only 6 of these guidelines. The objective of the 
guidelines was specifically described in 11 of the 17 guidelines. In one of the guidelines30 
a specific clinical question was reported. The patients, to whom the guideline was meant 
to apply, were described in the methods in 11 of the 17 guidelines. For the other 6, the 
target population was described by terms such as “children” or “paediatric” in the title 
of the guideline. In none of the guidelines the designated age group or Chronic Kidney 
Disease (CKD) stage was specified. According to the reviewers, 6 of the 17 working groups 
included members from all relevant disciplines and in 4 of the working groups members 
from an important discipline were absent; in the remaining 7 guidelines the description of 
the members was not clear.  

Target users were clearly defined in 6 guidelines. The other 11 guidelines did not 
describe their target users. None of the guidelines reported that the guidelines had been 
piloted among target users. Eight guidelines reported using systematic methods to search 
for evidence. The criteria for selecting evidence were shown in 5 of these guidelines, all 
being KDOQI guidelines. The methods used for formulating the recommendations were 
clearly described in only one (KDOQI) guideline22. The consideration of health benefits, 
side effects and risks of the recommendation was reported in 7 guidelines. For the other 
10 guidelines there was no evidence that these issues had been addressed. 

Two KDOQI guidelines22;29 were the only guidelines in which an explicit link between 
recommendations and the supporting evidence was described. We assumed that all the 
guidelines were externally reviewed before publication since they were all published 
in peer-reviewed journals. However, only KDOQI reported on this. Only the 7 KDOQI 
guidelines described a procedure for updating the guidelines. 

In 6 guidelines the recommendations were specific and unambiguous. According to the 
reviewers, the other 11 guidelines were not specific and precise in their recommendations, 
as is illustrated by the following examples: “…recommended number of exchanges per 
day: 4, sometimes 3 or 5 according to age and residual renal function”18, and “…pain 
prevention is essential”21. One guideline20 provided a concrete and precise description 
of which management is appropriate in which situation. In 13 of the 17 guidelines, the 
recommendations were easily identifiable. Eight guidelines provided tools (e.g. flow 
charts) to implement the recommendations.
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 Potential organizational barriers for applying the guideline were discussed in 4 guidelines 
(2 from KDOQI). The potential costs implications of applying the recommendations were 
considered in 3 guidelines (2 from KDOQI). Only 1 guideline (KDOQI) presented key review 
criteria for monitoring and audit purpose. Eleven study groups reported being independent 
from the funding body. Yet, in the development of 2 of these guidelines a representative 
of a pharmaceutical company was a member of the guideline development group20;28. The 
other 6 development groups did not report whether they were independent. KDOQI stated 
that all group members had declared that they have no conflict of interest. The other 10 
development groups did not report on this. Three of these 10 guidelines mentioned a 
pharmaceutical company in the acknowledgement section. 

None of the guidelines met all the AGREE criteria for good quality of guideline 
development. The highest score was achieved by the KDOQI guideline for Anemia with 
a positive score on 16 of the 22 AGREE items (table 3). Six guidelines, all from KDOQI, 
scored positive on half or more of the 22 criteria. The other 11 guidelines scored positive 
on 2 to 10 of the 22 items. 

level of evidence and benchmarks
According to the reviewers level A evidence was available for 5 of the 369 recommendations 
(1%); 3 recommendations were based on randomized clinical trials (RCT) in children and  
2  on RCTs that included adults only. For 13 of the 369 recommendations (4%) there was 
level B evidence; 9 were based on cohort studies in children and 4 on cohort studies in 
adults. The 18 recommendations with level A or B evidence are reported in Table 4. The 
351 other recommendations (95%) were based on case reports, bench research, or on 
opinion only. 

The development groups of 6 guidelines did not report the level of evidence. The 
other development groups used different methods to rate the strength of the evidence. 
For example, KDOQI either used the grades “strong” (A), “moderate” (B) or “weak/ 
opinion” (C) for recommendations or just reported whether it was based on ‘evidence’ 
or ‘opinion’, the E(P)PDWG only reported ‘evidence’ or ‘opinion’ and CARI used the 4 
levels of evidence proposed by National health and medical research council, Australian 
Government (NHMRC)31. For 186 recommendations the developers did not report a level 
of evidence. 

The reviewers agreed with the reported level of evidence for 69% (127/183) 
recommendations for which this was reported by the guideline development group; 
the level of evidence was lower according to the reviewers for the remaining 56 
recommendations (31%). 

Four benchmarks were defined in 4 guidelines22-24;29, all concerning cardiovascular 
indicators (i.e. level of hemoglobin, phosphate, calcium-phosphate product and 
parathyroid hormone).

discrepancies between guidelines 
The 17 guidelines dealt with 7 different topics with several subtopics. In the overlapping 
subject areas we found 3 discrepancies between guidelines concerning 1) recommendations 
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Table 3. Quality of guidelines.

Domain PD HD Anemia ROD Nutrition Cardio-Vascular

Guideline KDOQI

EPPDWG
Fisch-
bach CAPN

EPPDWG
Watson 

EPDWG
Schro-

der ISPD
KDO

QI

EPDWG
Fisch-
bach

KDO
QI

EPPDWG
Schro-

der
KDO

QI
EPDWG
Klaus

KDO
QI

EPPDWG
Coleman CARI

KDO
QI

KDO
QI

Year   2006 2002 2006 2001 2001 2000 2006 2005 2006 2003 2005 2006 2009 ND 2005 2006 2005

Reference 14 18 15 16 19 20 17 21 22 23 29 24 25 26 30 27 28

Working Group

Number of countries presented in working 
group 

6 9 1 12 10 2 1 12 7 11 1 12 4 10 2 4 2

Number of disciplines presented in working 
group 

ND 2 1 2 ND 5 ND 1 7 ND 6 ND 3 2 ND 10 5

Recommendations based on E/C/O C/CL/O E/O CL/O C/CL/O ND E/C/O C/CI/O E/C/O C/CI/O E/C/O C/CI/O E/C/O CI/O E E/C/O E/C/O

Purpose

Objective described + - + - + + - - + + - + - + + +

Question described - - - - - - - - - - - - - + - -

Target population + + + + + + + + + + + + + + + +

Stakeholders

All relevant groups involved ND + - - ND + ND + + ND ND - - ND + +

Target users defined + - - - + - + + - - - - - - + -

Piloted among target users - - - - - - - - - - - - - - - -

Development

Systematic methods were used to search 
literature 

+ - - - - + + - + - - - - + + +

Selecting criteria described  + - - - - - + - + - - + - - - +

Formulating methods are described - - - - - - - - + - - - - - - -

Health benefits, side effects and risks have 
been considered 

- - + - - + - + + + + - + - - - -

Link between evidence and recommendation - - - - - - - - + - + - - - - - -

Reviewed before publication + - - - - - + -   + - + - + - - + +

Procedure for updating the guideline + - - - - - + - + - + - + - - + +

Clarity of recommendations 

Specific and unambiguous + - + - - - - - + - + - + - - + -

Different options for management - - - - - + - - - - - - - - - - -

Easily identifiable + - + - + + + + + - + + + - + + +

Tools for application + - - - - + + - - - + + + + - + -

Applicability and independency

Potential barriers are discussed  - - - - - + - - + - - + - - - - +

Potential costs are discussed  - - - - + - - - - - - - + - - + -

Key review criteria for monitoring /audit 
purpose 

- - - - - - - - + - - - - - - - -

Editorially independent from funding body  + ND + + ND + + ND + + + ND + ND ND + +

No conflict of interest + ND * ND * ND* ND ND + ND + ND + ND + ND ND + +

Total number of fulfilled criteria   (%) 12
 (55)

2 
(9)

6 
(27)

2 
(9)

5
 (23)

10 
(45)

10 
(45)

5 
(23)

16 
(73)

4 
(18) 

14
(64)

4 
(18)

12 
(55)

2 
(9)

5 
(23) 

13 
(59)

11  
(50)

ND = not described; + = fulfilled; - = not fulfilled; E= evidence, C= consensus, CL= clinical 
experience, O= opinion  *= pharmaceutical company involved
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Table 3. Quality of guidelines.

Domain PD HD Anemia ROD Nutrition Cardio-Vascular

Guideline KDOQI

EPPDWG
Fisch-
bach CAPN

EPPDWG
Watson 

EPDWG
Schro-

der ISPD
KDO

QI

EPDWG
Fisch-
bach

KDO
QI

EPPDWG
Schro-

der
KDO

QI
EPDWG
Klaus

KDO
QI

EPPDWG
Coleman CARI

KDO
QI

KDO
QI

Year   2006 2002 2006 2001 2001 2000 2006 2005 2006 2003 2005 2006 2009 ND 2005 2006 2005

Reference 14 18 15 16 19 20 17 21 22 23 29 24 25 26 30 27 28

Working Group

Number of countries presented in working 
group 

6 9 1 12 10 2 1 12 7 11 1 12 4 10 2 4 2

Number of disciplines presented in working 
group 

ND 2 1 2 ND 5 ND 1 7 ND 6 ND 3 2 ND 10 5

Recommendations based on E/C/O C/CL/O E/O CL/O C/CL/O ND E/C/O C/CI/O E/C/O C/CI/O E/C/O C/CI/O E/C/O CI/O E E/C/O E/C/O

Purpose

Objective described + - + - + + - - + + - + - + + +

Question described - - - - - - - - - - - - - + - -

Target population + + + + + + + + + + + + + + + +

Stakeholders

All relevant groups involved ND + - - ND + ND + + ND ND - - ND + +

Target users defined + - - - + - + + - - - - - - + -

Piloted among target users - - - - - - - - - - - - - - - -

Development

Systematic methods were used to search 
literature 

+ - - - - + + - + - - - - + + +

Selecting criteria described  + - - - - - + - + - - + - - - +

Formulating methods are described - - - - - - - - + - - - - - - -

Health benefits, side effects and risks have 
been considered 

- - + - - + - + + + + - + - - - -

Link between evidence and recommendation - - - - - - - - + - + - - - - - -

Reviewed before publication + - - - - - + -   + - + - + - - + +

Procedure for updating the guideline + - - - - - + - + - + - + - - + +

Clarity of recommendations 

Specific and unambiguous + - + - - - - - + - + - + - - + -

Different options for management - - - - - + - - - - - - - - - - -

Easily identifiable + - + - + + + + + - + + + - + + +

Tools for application + - - - - + + - - - + + + + - + -

Applicability and independency

Potential barriers are discussed  - - - - - + - - + - - + - - - - +

Potential costs are discussed  - - - - + - - - - - - - + - - + -

Key review criteria for monitoring /audit 
purpose 

- - - - - - - - + - - - - - - - -

Editorially independent from funding body  + ND + + ND + + ND + + + ND + ND ND + +

No conflict of interest + ND * ND * ND* ND ND + ND + ND + ND + ND ND + +

Total number of fulfilled criteria   (%) 12
 (55)

2 
(9)

6 
(27)

2 
(9)

5
 (23)

10 
(45)

10 
(45)

5 
(23)

16 
(73)

4 
(18) 

14
(64)

4 
(18)

12 
(55)

2 
(9)

5 
(23) 

13 
(59)

11  
(50)

ND = not described; + = fulfilled; - = not fulfilled; E= evidence, C= consensus, CL= clinical 
experience, O= opinion  *= pharmaceutical company involved
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Table 4. The 18 recommendations based on Level A or B evidence.

Level of 
Evidence 

Guideline 
(ref) Recommendation 

A in 
children 

22 “The preferred route of iron administration is iv”
29 “The intermittent administration of calcitriol by intravenous or 

oral routes is more effective than daily oral calcitriol in lowering 
serum PTH levels”.  

30 “Children with chronic kidney disease should have a protein 
intake equivalent to or above the Food and agriculture 
organization/ WHO/ UNU recommendations for healthy children”. 

A in 
Adults 

15 “All children should receive preoperative and, when appropriate, 
postoperative antibiotics with the insertion of a PD catheter. 
The first choice should be multiple doses of intravenous 
cephalosporins (first dose 3 h pre-insertion) with the second 
choice being one dose of vancomycin given at least 12 h prior to 
the catheter insertion in patients with little or no residual renal 
function”.  

22 “In dialysis and nondialysis patients with CKD receiving ESA 
therapy, the selected Hb target should generally be in the range 
of 11.0 to 12.0 g/dL”. 

B in 
children 

15 “Exit site should be oriented downwards (preferred)  or laterally 
in children”.  

15 “Children should have a PD catheter which has a curled 
intraperitoneal segment”.

26 “Oral intake of an energy-dense diet and commercial nutritional 
supplements should be considered the preferred route for 
supplemental nutritional support for children with CKD stages 2 
to 5 and 5D. (B) When energy requirements cannot be met with 
oral supplementation, tube feeding should be considered”. 

26 “Nutrition counseling, based on an individualized assessment and 
plan of care, should be considered for children with CKD stages 2 
to 5 and 5D and their caregivers”.

26 “Recombinant human growth hormone (rhGH) therapy should 
be considered in children with CKD stages 2 to 5 and 5D, short 
stature (height SDS < −1.88 or height-for-age < 3rd percentile), 
and potential for linear growth if growth failure (height velocity-
for-age SDS < −1.88 or height velocity-for-age < 3rd percentile) 
persists beyond 3 months despite treatment of nutritional 
deficiencies and metabolic abnormalities”. 

26 “Supplemental free water and sodium supplements should be 
considered for children with CKD stages 2 to 5 and 5D and 
polyuria to avoid chronic intravascular depletion and to promote 
optimal growth”.  

26 “Dietary and lifestyle changes are suggested to achieve weight 
control in overweight or obese children with CKD stages 2 to 5 
and 5D”. 

26 “The nutritional status and growth of all children with CKD 
stages 2 to 5 and 5D should be evaluated on a periodic basis”.

26 “Identification and treatment of existing nutritional deficiencies 
and metabolic abnormalities should be aggressively pursued in 
children with CKD stages 2 to 5 and 5D, short stature”.
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on the decision when to start the renal replacement therapy, 2) benchmarks or normal 
values for cardiovascular indicators, and 3) the use of mupirocin to prevent exit site or 
tunnel infections in peritoneal dialysis (PD). 

1) Initiation of renal replacement therapy. Four guidelines14-17 described the 
initiation of renal replacement therapy (RRT). The recommended estimated Glomerular 
Filtration Rate (eGFR) to start RRT varied from < 8 to < 15 ml/ min per 1.73 m2 (Table 5).   

2) Benchmarks for cardiovascular indicators. We found discrepancies between 2 
guidelines22;23 concerning the management of anemia. The recommendations of these 2 
were described as follows: guideline 1: “In the opinion of the Work Group, in paediatric 
dialysis patients with CKD receiving ESA therapy, the selected Hb target should generally 
be in the range of 11.0 to 12.0 g/dl and not be greater than 13.0 g/dl”22 and: guideline 2: 
“Normal Ht level should be aimed. Iron and/or erythropoietin therapy should be initiated to 
obtain a target hemoglobin concentration of at least 11 g/dl although there is a tendency 
to increase this target”23. The risks of a too high Hb target were not discussed in the 
second guideline. We also found discrepancies between two guidelines24;29 describing the 
target values of phosphate, Calcium-phosphate product (CaXP) and parathyroid hormone 
(PTH). In Table 6 these discrepancies are described.  

3) Mupirocin prophylaxis. Two guidelines addressed the use of mupirocin prophylaxis 
to prevent tunnel or exit site infections19;20. One of these guidelines from 200020 was 
in favour of local mupirocin prophylaxis for S. Aureus nasal carriers based on 1 RCT in 
adults32 which compared mupirocin with oral rifampicin, and concluded that both were 
equally effective, and on one cohort study in children using oral rifampicin instead of local 
mupirocin33. In contrast with this, the other guideline from 200119 stated that “… there 
are no convincing data to suggest screening children or care givers for S. Aureus nasal 
carriage or on the use of mupirocin cream around the exit site on a regular basis” . 

Table 4. Continued.

Level of 
Evidence 

Guideline 
(ref) Recommendation 

B in 
adults 

29 “In adolescent patients with serum phosphorus levels >7.0 mg/dL 
(2.26 mmol/L), aluminum-based phosphate binders may be used 
as a short-term therapy (up to 4-6 weeks), and for one course 
only, to be replaced thereafter by other phosphate binders”. 

29 “The dosage of calcium-based phosphate binders should be 
lowered in dialysis patients with corrected serum calcium of 
>10.2 mg/dL (2.54 mmol/L), or with serum PTH levels <150 pg/
mL (16.5 pmol/L) on two consecutive measurements”.

29 “Effective surgical therapy of severe hyperparathyroidism 
can be accomplished by subtotal parathyroidectomy or total 
parathyroidectomy with parathyroid tissue autotransplantation”.

24 “The plasma phosphate level should be kept within the normal 
age-specific range”.  
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Table 5. Guidelines for initiation of Renal Replacement Therapy (RRT) in children.

Guideline

Recommended 
start RRT at 
GFR1 Exceptions GFR start

KDOQI  HD 2006 17 < 15 “…GFR > 15 if clinical course is complicated by 
the presence of signs and symptoms listed in 
table as well as malnutrition or growth failure”

KDOQI  PD 2006 14 <8 “…or start earlier when malnutrition, fluid 
overload, hypertension, hyperkalemia, 
hyperphosphataemia, acidosis, growth failure or 
neurological consequences of uremia”

CAPN 2006 15 < 10 “…and / or signs of uremia and growth failure”
EPPDWG 200116 10-15 “..Unless the child remains asymptomatic and 

growth is well maintained..”

GFR = Glomerular Filtration Rate in mL/min/1.73 m2

Table 6. Guidelines for cardio-vascular benchmarks for children on chronic dialysis.

Guideline Benchmark Recommendation 

KDOQI 2005 29 Phosphate “For children with ESRD the serum levels of phosphorus 
should be maintained between 3.5-5.5 mg/dl (1.13-1.78 
mmol/l) during adolescence and between 4-6 mg/dl for 
children between the ages of 1-12 years”.

EPDWG 2006 24 Phosphate “The plasma-phosphate level should be kept within the 
normal age-specific range”

KDOQI  2005 29 CaXP “The serum CaXP should be maintained at <55 mg 2/dL 
2 in adolescents >12 years, and <65 mg 2/dL 2 in younger 
children. This is best achieved by controlling serum levels 
of phosphorus within the target range”. 

EPDWG 2006 24 CaXP “The calcium phosphorus product should be kept within 
the normal range, at least below 60 mg2/dl2 ”. 

KDOQI  2005 29 PTH “In ESRD patients who have elevated serum PTH levels 
>300 pg/ml, despite modification of dietary phosphate 
intake, calcitriol or 1-α-vitamin D2 should be used to 
reverse the bone features of hyperparathyroidism”. 

EPDWG 2006 24 PTH “PTH levels should be kept at two to three times the 
upper limit of the normal range in end-stage renal 
disease.  If PTH is elevated more than two to three times 
normal in dialyzed children, active vitamin D metabolites 
should be administered orally”. 
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discussion
In this systematic review we identified 17 guidelines on the management of chronic dialysis 
in children. The development process of most of these guidelines was poorly reported and 
hardly any of the recommendations was based on paediatric empirical evidence. Only a 
few quality indicators or benchmarks were identified and there were some discrepancies 
between the recommendations. 

The lack of evidence based guidelines leads to children being treated based on clinical 
experience or opinion of various different nephrologists in different centres. This may 
mean that substandard treatment exists and may impact on the morbidity and mortality 
of these children. 

ESRD in children is very rare and over the last ten years, the growing number of 
pre-emptive transplantations has further reduced the number of children on dialysis in 
the western world. The consequently small number of paediatric patients on chronic 
dialysis, scattered over many small centres has precluded the generation of paediatric-
specific evidence and hampered the development of guidelines. Furthermore, there are 
many different topics concerning chronic dialysis to focus on. At the same time, there are 
fewer paediatric nephrologists than adult nephrologists. Because of the small number of 
patients and paediatric nephrologists there is less money and time available for research. 
As a consequence, in the current absence of paediatric-specific evidence, paediatric 
nephrologists need to base their management practices on evidence generated in adults 
on chronic dialysis. 

One may wonder whether the fact that none of the available guidelines met all criteria 
for good quality guideline development and only six guidelines met at least half of the 
criteria poses a problem. Some items seem crucial for good guideline development. For 
example, in 7 guideline development groups, members from an important discipline 
were absent, e.g. the guideline about PD catheter insertion was developed by paediatric 
nephrologists without surgeons involved. A guideline concerning a surgical procedure 
that is developed without the consent of the performer of this procedure is highly at risk 
to be violated in daily practice. 

There were other important quality criteria that were poorly met. Out of 17, only 1 
(KDOQI) guideline described the methods used for formulating the recommendations, 
2 (both KDOQI) gave an explicit link between recommendations and the supporting 
evidence, 4 considered the potential barriers to implementation and 1 reported monitoring 
criteria to assess the guideline’s impact on practice organization and patients’ outcome. 
These are important issues for clinicians to appraise the guideline quality and to ensure 
that the guideline can be implemented. Given this state of affairs, we conclude that the 
recommendations were poorly developed. 

On some topics we found relevant discrepancies between the recommendations. All 
these topics concerned issues for which there is no evidence in either adult or paediatric 
literature, such as recommended threshold eGFR for initiation of RRT, or recommended 
blood PTH level, and hence these recommendations are based on clinical experience or 
opinion. The process of harmonization of therapy, benchmarking and improvement of 
care is not enhanced by these discrepancies.
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A limitation of this study is that by including published guidelines we may have missed 
guidelines that have not been published in indexed medical journals. We tried to avoid 
this limitation by contacting 12 paediatric nephrology societies. Unfortunately, we did 
not get any response on our e-mail survey despite reminders. A limitation of the AGREE 
instrument, and thus of the items that we used to assess the guidelines’ quality, is that 
the assessment largely depends on the quality of reporting. When items are not reported 
specifically, they are scored negative, while in fact the developers might have met the 
criterion. When new guidelines are developed, we recommend that they describe the 
validity, the importance of the recommendation and the potential problems and barriers 
in clinical practice. Such guidelines should be available to all paediatric nephrologists and 
associated disciplines in the world. 

In summary, the guidelines that are available for management of chronic dialysis in 
children do not base their recommendations on empirical research evidence, and quality 
indicators or benchmarks are lacking. We feel that the current major need for more 
valid guidelines in the field of paediatric ESRD necessitates the performance of more 
international collaborative studies. When centres work together in setting the research 
agenda, perform these studies together, and subsequently implement their results into 
practice, unwanted practice variation is reduced and the quality of care for these children 
improved.
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aBstract
Objective. Several devices measure Pulse Wave Velocity (PWV), an early predictor of 
cardiovascular mortality. To perform a study on vascular disease in children with end-stage 
renal disease, a portable device was needed with favourable characteristics for use in 
children. We investigated which PWV measurement device has the best profile in terms of 
validity, reproducibility, responsiveness, and feasibility in children.

Design. Systematic review of empirical studies.

Data sources PubMed, Medline and Embase were searched; included were all articles 
reporting on clinimetric characteristics of instruments to measure PWV in adults and in 
children.

Review methods. Selection of articles and data-extraction were performed by two 
independent reviewers. Reported indices of validity, reproducibility, responsiveness and 
feasibility of the measurement devices were compared in adult and child populations 
separately. 

Results. The search yielded 3,396 titles; 81 original papers were included in this review. 
In 16 studies in children 11 PWV devices (1-5 papers per device) were described; in 65 
studies in adults 23 PWV devices were evaluated (1-23 papers per device). Only 48% 
(11/23) of these devices have been “validated” by comparison with any other device, 
and only 22% (5/23) have been compared with an invasive measurement. Due to the 
variability of methods used and to incomplete reporting pooling of the results was not 
possible.

Conclusion. Clinimetric properties of most devices to measure PWV are poorly reported, 
which hampers comparison, and impairs the selection of the best device to measure PWV 
in children. 
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introduction
Cardiovascular disease is the main cause of death in young patients with End-Stage Renal 
Disease (ESRD)[1]. Pulse Wave Velocity (PWV) has been shown to be an early detector 
of cardiovascular disease in adult patients with ESRD[2]. An increased PWV indicates 
an increase in arterial stiffness. Applanation tonometry, photoplethysmography and 
ultrasonography are methods to measure PWV non-invasively, and several devices have 
been developed that measure PWV with one of these techniques.

Paediatric nephrologists need reliable indicators of the cardiovascular status of their 
ESRD patients to monitor their cardiovascular risk and to adjust treatment accordingly. It is 
not clear which measuring device is best to use in children, i.e. which device has adequate 
validity, reproducibility and responsiveness, and is suitable for routine use in children. To 
be feasible in children the measurement procedure should not be stressful or painful, or 
make unrealistic demands of children, e.g. having to lie still for a long time.

The aim of this systematic review was to determine the clinimetric and feasibility 
characteristics of portable devices to measure PWV in paediatric patients with ESRD. We 
addressed the following questions: a) What is the clinimetric profile in terms of validity, 
reproducibility and responsiveness for the available PWV measurement devices? b) Which 
of these instruments is optimally suited for use in children?

MEthods

search 
A search was conducted in PubMed, Medline and Embase (1965-October 2010) using the 
search term “Pulse Wave Velocity”. Only published articles in English, French, Dutch and 
German were included.

study selection
Two reviewers (WT and JL) independently reviewed all titles and abstracts for eligibility. 
Papers were included for full text selection either if they concerned PWV measurements 
in children, or if the abstract reported validity, reproducibility, responsiveness or feasibility 
of the measurement method. Studies in which only devices were studied that made use 
of ultrasound were not included because our research question was limited to portable 
devices. Reference lists of the included articles and of review articles were screened to 
ensure that no papers were missed. The full text papers were selected for inclusion by 
the same two reviewers independently based on information on validity, reproducibility or 
feasibility of the measurement method. Disagreements were resolved by discussion until 
consensus was reached.

data collection process, data items
Previously piloted Data Extraction Forms were filled in by two independent reviewers for 
each included article (ML, AR, JG, JL and WT). In case of disagreement the final decision 
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was made by JL. If the same value was reported of a clinimetric parameter in subsequent 
papers of the same group of authors, only the earliest paper was included. Information 
was gathered on the type and the aim of study, the included study population, the device 
that was used in the study and a description of the measurement method of each device.

clinimetric assessment
The reviewers documented whether anything was reported on the suitability of the 
measurement procedure for use in adults or children, whether and how criterion or 
concurrent validity, reproducibility and responsiveness of the device were assessed, and 
the results of these assessments.

Suitability for use in children, or feasibility, was considered to be approximated by 
description of the time needed to perform the measurement or the proportion of missing 
values (and for what reason). Criterion validity is the extent to which scores on a particular 
instrument relate to the ‘gold standard’. This can be divided in concurrent validity and 
predictive validity. Concurrent validity refers to comparison of the measurement with the 
results of another, preferably ‘gold standard’ device that was used at the same time. In 
this review intra-arterial measurement of PWV was considered to be the ‘gold standard’. 
Predictive validity is the extent to which the result of a measurement is related to future 
events like mortality or defined complications. A distinction can be made between the 
physiological concept of PWV, which is considered to be predictive of cardiovascular 
morbidity and mortality, and the measurement of this physiological concept. In this 
systematic review, the interest is in the clinimetric quality of devices to measure PWV. 
Therefore, predictive validity was not addressed. Reproducibility can be divided into intra-
rater, inter-rater and test-retest reproducibility. If a test-retest design had been performed 
within one session without reporting the number of observers, we considered this to 
be intra-rater reproducibility. Results of studies in which a test-retest design had been 
performed on two separate occasions without reporting the number of observers, were 
recorded in a separate category of “inter-session reproducibility”. Finally, responsiveness 
is the ability of an instrument to detect clinically meaningful change. This can be assessed 
in a longitudinal study design in which different groups are measured before and after 
a time period in which one of the groups has changed, or the same group is measured 
before and after a time period without clinically meaningful change, and then after a time 
period in which a clinically meaningful change has occurred[3].

Results of reported parameters on feasibility, concurrent validity, reproducibility, and 
responsiveness, i.e. Intraclass Correlation Coefficient (ICC), Coefficient of Variation (CV) 
and Limits of Agreement (LoA) were only recorded if one clear result was reported. If the 
same data with exactly the same values for clinimetric properties were reported twice by 
the same research group, we excluded the more recent publication, because we assumed 
that, instead of performing a new clinimetric study, data of the previous study were 
reported.

synthesis of results
Results were summarized in a descriptive manner.
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rEsults
The combined searches from Medline, PubMed and Embase yielded 3,396 unique abstracts, 
of which 262 on PWV measurements in children. All 262 papers on paediatric studies and 
333 papers on adult studies were included for full text selection, which yielded 104 articles 
of which 20 on paediatric studies (Figure 1). Reference tracking resulted in 1 additional 
article. After exclusion of 24 articles which did not report original data on clinimetric 
parameters, 81 articles, including 16 in children, were included in the review (Table 1)
[4-84]. Reasons for inclusion are presented in the last column “reported characteristics” of 
Table 1. Most papers were included for reporting of reproducibility data only (42 papers), 
or for reporting of a combination of concurrent validity and reproducibility data (12 
papers). In the other 27 papers other (combinations of) clinimetrics characteristics were 
reported (Table 1).

PWv studies in children – table 2
From all 262 studies on PWV measurements in children that were assessed full text, 20 
reported one or more clinimetric properties. Four of these were excluded because no 
original data were reported, and the previous publications of the same study groups with 
the earlier data were included. The characteristics of 11 PWV devices that were reported 
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Figure 1. Flow chart of included papers

Primary Search:
3,396 titles & abstracts

262 paediatric & 3,134 adult

   595 full text selection
262 paediatric & 333 adult

104 eligible papers
20 paediatric & 84 adult

105 eligible papers
20 paediatric & 85 adult

81 papers included
16 paediatric & 65 adult

2,801 excluded

1 paper from 
references

24 excluded: 
No original data 

401 excluded

Figure 1. Flow chart of included papers.
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Table 1. Characteristics of included studies.

Paediatric studies

Reference 
number First author

Year of 
publication

PWV instrument (name device, company,  
or measurement method)

Anatomical positions 
PWV measurement

Total PWV  
Participants Reported characteristics

4 Aoun 2010 SphygmoCor Carotid-Femoral 15 reproducibility and responsiveness
77 Cheung 2004 Photoplethysmography Brachio-Radial 102 reproducibility
78 Cheung 2006 VP 2000 Heart-Femoral 62 reproducibility
5 Cseprekal 2009 PulsePen Carotid-Femoral 213 reproducibility
6 Currie 2010 Combination of photoplethysmograph and 

tonometer and ECG (3 different devices 
and companies)

Heart-dorsalis pedis 20 reproducibility

7 Donald 2010 SphygmoCor Carotid-Radial 7557 missing values and reproducibility
79 Foo 2005 Novametrix Finger and Toe 55 missing values
80 Gardiner 2003 Photoplethysmography Brachio-Radial 100 reproducibility
81 Katz 1970 2 piezo-electric crystal pick-ups (pulse) and 

Electronics for Med.Multi Channel recorder
Carotid-Radial 110 reproducibility

8 Klinge 2009 SphygmoCor Carotid-radial, 
Carotid-Femoral

136 missing values

82 Koudsi 2007 Pulse 50.exe Aorta 148 reproducibility
83 Larnkjaer 2006 Pulse 4.0 Aorto-Radial 69 missing values
9 Morley 2010 SphygmoCor Carotid-Femoral, 

Femoral-Ankle
294 missing values

84 Shroff 2007 SphygmoCor Carotid-Femoral 85 reproducibility and missing values
10 Simonetti 2008 Pulse Trace PWV unit Micromedical Limited 

Rochester UK
Carotid-Femoral 79 reproducibility

76 Tedesco 2000 Complior Carotid-Femoral 64 reproducibility
Adult studies

Reference 
number First author

Year of 
publication

PWV instrument (name device, company,  
or measurement method)

Anatomical positions 
PWV measurement

Total PWV  
Participants Reported characteristics

11 Asmar 1995 Complior compared with “manual method” Carotid-Femoral 418 reproducibility and concurrent validity
28 Baulmann 2008 SphygmoCor, Complior, Arteriograph Carotid-Femoral, neck 

and groin, upperarm
51 reproducibility and concurrent validity

29 Bellasi 2008 SphygmoCor Carotid-Femoral 142 missing values and reproducibility
30 Bodlaj 2007 SphygmoCor Carotid-Radial 21 reproducibility
31 Clegg 2007 a sensor-based device (Sensor technology & 

devices Limited, Northern Ireland)
Brachioradial 8 reproducibility

32 Covic 2003 SphygmoCor Carotid-rRdial 61 reproducibility
33 Duren 2008 Grass Inc Carotid-Femoral, 

ECG-Femoral 
26 reproducibility

35 Frimodlt-Moller 2008 SphygmoCor Carotid-Femoral 19 missing values and reproducibility
34 Frimodt-Moller 2006 SphygmoCor Carotid-Femoral, 

Carotid-Radial
23 3 or more clinimetric properties

36 Heffernan 2007 SphygmoCor Carotid-Femoral, 
femoral-dorsalis pedis

30 reproducibility

37 Hermans 2006 SphygmoCor Carotid-Femoral 174 missing values
12 Hickson 2009 Vicorder Carotid-Femoral 122 reproducibility and concurrent validity
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Adult studies

Reference 
number First author

Year of 
publication

PWV instrument (name device, company,  
or measurement method)

Anatomical positions 
PWV measurement

Total PWV  
Participants Reported characteristics

13 Horvath 2010 Arteriograph Carotid-Femoral 22 reproducibility
38 Huang 2007 Vascular Profiler Brachial-Ankle 116 reproducibility
39 Ichihara 2005 a pulse pressure analyzer (model BP-

203RPE; Nihon Colin, Tokyo, Japan
Brachial-Ankle, 
Heart-Ankle

66 reproducibility and responsiveness

14 Jatoi 2009 Arteriograph Radial, 
Carotid-Femoral

254 reproducibility and concurrent validity

40 Jerrard-Dunne 2008 Complior Carotid-Femoral 622 reproducibility
41 Jiang 2008 Sphygmocor (compared to Doppler US) Carotid-Femoral 62 reproducibility and concurrent validity
42 Joki 2005 Form PWV/ABI Colin Co., Ltd., Komaki, 

Japan (volume plethysmographic apparatus)
Brachial-Ankle 58 reproducibility

15 Joly 2009 PulsePen, Complior 2 Carotid-Femoral 32 concurrent validity
43 Keven 2008 SphygmoCor Carotid-Femoral 71 reproducibility
44 Kubo 2002 Colin Waveform Analyzer Brachial-Ankle, 

Carotid
60 reproducibility

45 Kumeda 2008 Automatic waveform analyzer Colin 
Komaki, Japan

Brachial-ankle 192 reproducibility

46 Lantelme 2002 Complior Carotid-Femoral 22 reproducibility
16 Lee 2009 PP-1000 Carotid-Femoral, 

Carotid-Brachial
17 reproducibility

47 Liang 1998 two tonometers Carotid-Femoral, 
Femoral-Ankle

50 reproducibility

17 Liu 2010 new instrument ECG and PPG Carotid, Finger and toe 34 reproducibility
48 Loukogeorgakis 2002 ECG R wave to PPG pulse wave Heart-Femoral 18 3 or more clinimetric properties
49 Magometschnigg 2005 SphygmoCor, TensioClinic Brachioradial 100 concurrent validity
50 Matsui 2004 Form PWV/ABI Colin Co., Ltd., Komaki, 

Japan (volume plethysmographic apparatus)
Brachial-Ankle 103 reproducibility

51 Matsumae 2007 VaSera VS 1000 Fukuda Denshi, Tokyo Carotid-Femoral 143 reproducibility
52 Mattace-Raso 2006 Complior Carotid-Femoral 3550 missing values
54 Millasseau 2005 SphygmoCor, Complior Carotid-Femoral 64 3 or more clinimetric properties
53 Millasseau. 2002 SphygmoCor Carotid-Femoral 87 reproducibility
55 Munakata 2003 AT-Form PWV/ABI Brachial-Ankle, 

Carotid-Femoral
89 reproducibility 

56 Naidu 2005 PeriScope, a new oscillometric device 
(Genesis Medical Systems, Hyderabad, 
India)

Carotid-Femoral, 
Brachial-Ankle, 

44 reproducibility

18 Nemcsik 2009 Arteriograph Carotid-Femoral 98 concurrent validity and missing values
57 Nitta 2004 occlusion and monitoring cuffs, pressure 

waveforms
Brachial-Ankle 49 reproducibility

58 Pannier 2005 Complior Carotid-Femoral, 305 missing values
19 Pereira 2010 “manual method” device unclear, Complior 

first generation, Complior SP
Carotid-Femoral, 
Carotid-Radial, 
Femoro-Tibial 

31 reproducibility

59 Podolec 2007 Complior software with Fukuda transducer Caotid-Femoral 107 reproducibility and concurrent validity
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Adult studies
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Year of 
publication

PWV instrument (name device, company,  
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56 Naidu 2005 PeriScope, a new oscillometric device 
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India)
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57 Nitta 2004 occlusion and monitoring cuffs, pressure 

waveforms
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Adult studies

Reference 
number First author

Year of 
publication

PWV instrument (name device, company,  
or measurement method)

Anatomical positions 
PWV measurement

Total PWV  
Participants Reported characteristics

60 Posadzy-
Malaczynska

2005 Complior Carotid-Femoral 105 reproducibility

20 Rajzer 2008 Complior, SphygmoCor, Arteriograph Carotid-Femoral 64 concurrent validity
21 Salvi 2008 Complior, PulsePen, Pulse Trace PCA Carotid-Femoral 50 reproducibility and concurrent validity
61 Salvi 2004 PulsePen, 2 Millar tonometers Carotid-Femoral 68 reproducibility and concurrent validity
62 Sawabe 2005 Automatic Aortic Pulse Wave Velocity Meter 

(MCG400)
Carotid-Femoral . reproducibility

63 Schwenger 2006 Complior, Artech Medical, France Carotid-Femoral 76 reproducibility
64 Shinohara 2004 PWV-200 (method of Hasegawa) Carotid-Femoral 355 reproducibility
22 Sigrist 2010 SphygmoCor Carotid-Femoral 20 reproducibility
23 Sola 2010 Chest PTT measurement instrument Aorta 31 concurrent validity and missing values
24 Tahvanainen 2009 Whole body impedance cardiography, PPG 

BP recordings fingers and radial tonometry
Fingers-Radial 33 reproducibility and time

65 ter Avest 2005 SphygmoCor Carotid-Femoral 19 reproducibility
66 Tsai 2005 SphymoCor, new dualchannel PPG system Carotid-Femoral, 

Finger and toe
100 reproducibility and concurrent validity

25 Ueda 2008 Form, Complior Carotid-Femoral, 
Brachial-Ankle

21 reproducibility and concurrent validity

26 Van Leeuwen-
Segarcean

2010 SphygmoCor, Vicorder Carotid-Femoral 30 3 or more clinimetric properties

67 van Trijp 2006 SphygmoCor Carotid-Femoral 497 reproducibility and time
68 van Trijp 2006 SphygmoCor Carotid-Femoral 299 missing values and reproducibility
69 Verbeke 2007 SphygmoCor Carotid-Femoral 244 missing values and reproducibility
27 Weber 2009 SphygmoCor Carotid-Femoral 135 concurrent validity
70 Wilkinson 1998 SphygmoCor Carotid-Femoral, 

Carotid-radial
24 reproducibility

71 Woodman 2005 simultaneous applanation tonometry, in-
house custom-written software

Carotid-Femoral, 
Brachial-Ankle

30 reproducibility

72 Yamashina 2002 Form PWV/ABI Colin Co., Ltd., Komaki, 
Japan (volume plethysmographic apparatus)

Brachial-
ankle,comparison with 
invasively measured 
aortic PWV 

55 reproducibility and concurrent validity

73 Yu 2008 VP 2000 Carotid-Femoral, 
Brachial-Ankle

320 reproducibility

74 Zhe 2008 Complior Carotid-Femoral 148 reproducibility
75 Zoungas 2006 2 tonometers (simultaneously) Miller 

mikrotip SPT 301, Houston Tx Texas
Carotid-Femoral, 
Femoral-Dorsalis Pedis

315 reproducibility
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Adult studies
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Table 2. Overview of all clinimetric characteristics of PWV measurements studied in paediatric studies 
that were included.

Measurement

Reference

Reproducibility Feasibility

Device / Method Pathway Intra-rater Inter-rater Inter-session Duration procedure,Missing values

SphygmoCor carotid- 
femoral

Shroff 2007 0.11 m/s
(not further specified)

0.23 m/s
(not further specified)

- 5% missing values 
“no permission femoral measurement”

Donald 2010 - - healthy adults:
6 weeks in between; CV 8.7%; 
LoA [-1.5 to 2] m/s 

-

Aoun 2010 ‘Intra-observer variability very low (< 5%)’ - - -

Morley 2010 - - - 17% missing values “1 case ECG leads 
incorrectly attached, 1 case software 
problem, 3 refused”

carotid- 
radial 

Klinge 2009 - - - 14% missing values “poor quality 
pressure waveform recordings or poor 
cooperation”

PulsePen carotid-
femoral

Cseprekal
2009

intra-observer CV 5.7% ‘all measurements were 
performed twice to confirm reproducibility, with 
the resulting PWV value consisting of the mean 
of both measurements’

- - -

Pulse trace PCA unit carotid-
femoral

Simonetti 2008 - CV 7.4 +/- 7.5% - -

Pulse 50.exe aorta Koudsi 2007 CV 5% - - -

VP 2000 heart-
femoral

Cheung,
2006

“(mean + r) -1.1 (13.5) cm/s” - - -

Pulse 4.0 (ECG and 
infrared sensor )

aorta- 
radial 

Larnkjaer 2006 - - - 29% missing values ‘unwillingness of 
children to cooperate’

Measurement Reference Reproducibility Feasibility

Device / Method Pathway Intra-rater Inter-rater Inter-session Duration procedure, Missing values

Novametrix
(pulse oximetry)

finger and 
toe 

Foo, 2005 - - - 56% missing values in second part of 
the study ‘due to non-medical reasons’ 

Photoplethys-mography brachio-
radial

Cheung 2004 0.08 (0.82) m/s.(Mean (SD) of differences in 
two consecutive measurements in 20 subjects)

0.18 (1.1) m/s - -

Gardiner, 2003 CV 10.4% Repeatability
Coefficient 0.43 m/s

- - -

Complior carotid- 
femoral

Tedesco, 2000 - Reproducibility Coefficient 
0.91 (n=10)

- -

photoplethysmo- graph 
& tonometer and ECG 

heart-
dorsalis 
pedis

Currie
2010

- - Whole body PWV visit 1: 3.5+/- 
0.3, visit 2: 3.5 +/- 0.3 m/s, CV 
3.5%, ICC 0.76 (p 0.001) -

2 piezo-electric crystal 
pick-ups to monitor the 
pulse and Electronics 
for Med.Multi Channel 
recorder 

carotid-
radial

Katz,
1970

- mean difference 3 
measurements 0.52 m/s 
(n=8)

mean difference 2 separate 
occasions 0.50 m/s (n=12)

-

CV = Coefficient of Variation; ICC = Intra Class Correlation Coefficient; LoA = Limits of Agreement; SD 
= standard deviation; N.B. I. Concurrent validity was not investigated in any of these paediatric studies.
II. Responsiveness was investigated in 1 paediatric PWV study only: Aoun et al [4]; ‘PWV [SphygmoCor] 
before and 6 months after renal transplantation (RT) were compared. Measures pre-RT were performed 
twice with a 6-month interval in 6 patients. The aortaPWV pre- and post-RT were not significantly different: 
aortaPWV on hemodialysis was 6.1±1.3m/s versus 6.5±1.4 m/s post-RT (p=0.46).
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twice with a 6-month interval in 6 patients. The aortaPWV pre- and post-RT were not significantly different: 
aortaPWV on hemodialysis was 6.1±1.3m/s versus 6.5±1.4 m/s post-RT (p=0.46).
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in 16 paediatric studies are presented in Table 2. The most frequently reported device was 
the SphygmoCor; two papers reported on reproducibility[4;7], two on feasibility[8;9] and 
one on both[84]. 

Twelve paediatric PWV studies reported one or more types of reproducibility data, 7 
studies reported on intra-rater reproducibility, 5 on inter-rater reproducibility and 3 reported 
inter-session reproducibility data (Table 2). No studies on concurrent validity in children 
were found. One study on PWV measurements before and after renal transplantation[4], 
could be considered as a study on responsiveness.

Five studies reported data on feasibility issues in PWV studies in children, of which 3 on 
the SphygmoCor device. First, Morley et al., who measured carotid-femoral PWV (PWVcf) 
in children with the SphygmoCor, reported 17% missing values due to technical problems 
with the device (“1 case ECG leads incorrectly attached, 1 case software problem”) and 
due to refusal of 3 patients to participate[9]. Second, Shroff et al., who also measured 
PWVcf in children, reported 5% missing values due to the lack of permission for femoral 
measurements[84]. Last, Klinge et al. used the SphygmoCor device for the measurement 
of carotid-radial PWV in children and reported 14% missing values due to “poor quality 
pressure waveform recordings or poor cooperation” [8]. Feasibility data in paediatric PWV 
studies were also reported on the Pulse 4.0 (ECG with infrared sensor) by Larnkjaer et al. 
“29% missing values due to “unwillingness of the children to cooperate”[83], and on the 
Novametrix (pulse oximetry) by  Foo et al. who reported 56% missing values in the second 
part of the study “due to non-medical reasons”[79]. Due to the variability of the methods, 
including different anatomical locations, and the insufficient reporting of the clinimetric 
characteristics studies in children, no comparison could be made per device. 

PWv studies in adults – table 3
In 65 papers on PWV studies in adults (Table 1), 23 PWV devices or measurement 
techniques were evaluated (range per device 1-23 papers). These 23 devices use different 
measurement techniques, such as applanation tonometry, photoplethysmography and 
oscillometry. Due to different methods of the measurement and principles on which these 
methods are based, also the anatomical locations where the PWV measurements are 
performed vary between the different devices, as can be seen in Table 1. An overview of 
the reported clinimetric properties per device in adult studies is presented in Table 3. In the 
following paragraphs each of the clinimetric properties is presented in detail.

reproducibility – table 4
Fifty-seven of the 65 papers on adult studies (88%) reported one or more parameters 
of reproducibility. Intra-rater reproducibility was reported 33 times (Table 4a), inter-rater 
14 times (Table 4b). Inter-session reproducibility results were reported 26 times (Table 
4c) and in 9 studies, data on reproducibility were reported but it was not clear what 
kind of methods were used (Table 4d). The SphygmoCor and the Complior were the two 
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most frequently studied devices; reproducibility of the SphygmoCor and Complior was 
studied 27 and 11 times, respectively (Tables 4a-d). In 11 of the reproducibility studies 
a “mean difference” and “standard deviation” between repeated measurements in the 
same individual were reported (Tables 4a-d). In all other studies a variety of methods to 
analyse reproducibility was presented. Besides variation of reproducibility results between 
devices, also variation of results within devices was seen. For instance, results on intra-
rater reproducibility expressed as CV, were presented in 4 studies[26;54;69;85]  for the 
SphygmoCor, ranging from 2.9[69] to 9%[26]. Due to the variability of the methods 
per device and between devices and the insufficient reporting of reproducibility studies, 
comparison of devices was not possible. 

concurrent validity – table 5
In 23 papers data on concurrent validity were reported on 11 of the 23 devices (48%) 
included in this review, as is shown in Table 5. The 3 devices of which the concurrent 
validity was most frequently studied, were SphygmoCor (8 papers), Complior (8 papers), 
and Arteriograph (6 papers). In most of these studies, devices were not compared with 
the ‘gold standard’, i.e. intra-arterial measurement of PWV, but with other devices or 
techniques to measure PWV. Comparisons with intra-arterial measurements were 
identified for SphygmoCor[27], Complior[59], Arteriograph[13], Form/ABI[72], and a PPG 
system[48]. All studies reported significant correlations with p values < 0.05 between 
the PWV measured with the particular device and invasively measured PWV. LoA for 
this comparison with invasive measurements were only reported by Weber et al. for the 
SphygmoCor (mean difference -0.3 m/s, LoA [-3.2 – 2.5] m/s)[27], by Horvath et al. for the 
Arteriograph (LoA [-1.59 – 1.49] m/s)[13] and by Loukogeorgakis et al. for the PPG system 
(LoA [-22 – 22] milliseconds)[48].

responsiveness – table 6
In 4 papers on 3 devices studies were reported which might be considered as studies on 
responsiveness (Table 6). In all 4 studies[32;34;39;54], PWV was measured before and 
after a clinical event or treatment (e.g. medication intake, renal transplantation, etc.) 
without comparison with a “stable” population. The term responsiveness was not used 
in these papers. 

Feasibility – table 7
From all 595 papers that were screened full text, 14 papers on 6 devices presented any 
data on feasibility issues (Table 7). The time needed for the measurement procedure was 
described in 3 papers; Van Trijp et al. described that 3 measurements with the SphygmoCor 
device took 20-30 minutes[67]. Loukogeorgakis et al. described a PPG system which took 
10 minutes for 1 measurement [48] and Tahvanainen et al. who measured PWV with a 
combined system of whole body PPG and radial tonometry, reported to be able to perform 
6 measurements in 15 minutes[24]. The proportion of missing values due to measurement 
problems, technical problems, or patients’ unwillingness or ability to lie still was reported 
13 times in all full text adult papers, with missing values ranging from 0 –13 % for the 
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Table 3. Overview of all clinimetric characteristics of PWV measurements reported in 
adult studies.

PWV instrument Reference Reproducibility
Concurrent 

validity Responsiveness
Feasibility

Duration procedure                         
Feasibility

Missing values

SphygmoCor Baulmann 2008 yes yes no no no
Bellasi 2008 yes no no no yes
Bodlaj 2007 yes no no no no
Covic 2003 yes no yes no no
Frimodlt-Moller 2008 yes no no no yes
Frimodt-Moller 2006 yes no yes no yes
Heffernan 2007 yes no no no no
Hermans 2006 no no no no yes
Jiang 2008 yes yes no no no
Keven 2008 yes no no no no
Magometschnigg 2005 no yes no no no
Millasseau 2005 yes yes yes no no
Millasseau. 2002 yes no no no no
Rajzer 2008 no yes no no no
Sigrist 2010 yes no no no no
ter Avest 2005 yes no no no no
Tsai 2005 yes yes no no no
van Leeuwen-Segarceanu 2010 yes yes no no yes
van Trijp 2006 yes no no yes no
van Trijp 2006 yes no no no yes
Verbeke 2007 yes no no no yes
Weber 2009 no yes no no no
Wilkinson 1998 yes no no no no

Complior Asmar 1995 yes yes no no no
Baulmann 2008 yes yes no no no
Jerrard-Dunne 2008 yes no no no no
Joly 2009 no yes no no no
Lantelme 2002 yes no no no no
Mattace-Raso 2006 no no no no yes
Millasseau 2005 yes yes yes no no
Pannier 2005 no no no no yes
Pereira 2010 yes no no no no
Podolec 2007 yes yes no no no
Posadzy-Malaczynska 2005 yes no no no no
Rajzer 2008 no yes no no no
Salvi 2008 yes yes no no no
Schwenger 2006 yes no no no no
Sola 2010 no yes no no yes
Ueda 2008 yes yes no no no
Zhe 2008 yes no no no no
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Table 3. Overview of all clinimetric characteristics of PWV measurements reported in 
adult studies.

PWV instrument Reference Reproducibility
Concurrent 

validity Responsiveness
Feasibility

Duration procedure                         
Feasibility

Missing values

SphygmoCor Baulmann 2008 yes yes no no no
Bellasi 2008 yes no no no yes
Bodlaj 2007 yes no no no no
Covic 2003 yes no yes no no
Frimodlt-Moller 2008 yes no no no yes
Frimodt-Moller 2006 yes no yes no yes
Heffernan 2007 yes no no no no
Hermans 2006 no no no no yes
Jiang 2008 yes yes no no no
Keven 2008 yes no no no no
Magometschnigg 2005 no yes no no no
Millasseau 2005 yes yes yes no no
Millasseau. 2002 yes no no no no
Rajzer 2008 no yes no no no
Sigrist 2010 yes no no no no
ter Avest 2005 yes no no no no
Tsai 2005 yes yes no no no
van Leeuwen-Segarceanu 2010 yes yes no no yes
van Trijp 2006 yes no no yes no
van Trijp 2006 yes no no no yes
Verbeke 2007 yes no no no yes
Weber 2009 no yes no no no
Wilkinson 1998 yes no no no no

Complior Asmar 1995 yes yes no no no
Baulmann 2008 yes yes no no no
Jerrard-Dunne 2008 yes no no no no
Joly 2009 no yes no no no
Lantelme 2002 yes no no no no
Mattace-Raso 2006 no no no no yes
Millasseau 2005 yes yes yes no no
Pannier 2005 no no no no yes
Pereira 2010 yes no no no no
Podolec 2007 yes yes no no no
Posadzy-Malaczynska 2005 yes no no no no
Rajzer 2008 no yes no no no
Salvi 2008 yes yes no no no
Schwenger 2006 yes no no no no
Sola 2010 no yes no no yes
Ueda 2008 yes yes no no no
Zhe 2008 yes no no no no
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Table 3. Continued.

PWV instrument Reference Reproducibility
Concurrent 

validity Responsiveness
Feasibility

Duration procedure                         
Feasibility

Missing values

PulsePen Joly 2009 no yes no no no
Salvi 2008 yes yes no no no
Salvi 2004 yes yes no no no

Arteriograph Baulmann 2008 yes yes no no no
Horvath 2010 yes yes no no no
Jatoi 2009 yes yes no no no
Magometschnigg 2005 no yes no no no
Nemcsik 2009 no yes no no yes
Rajzer 2008 no yes no no no

ViCorder Hickson 2009 yes yes no no no
van Leeuwen-Segarceanu 2010 yes yes no no yes

Force Transducer Grass Inc Duren 2008 yes no no no no
Form PWV/ABI Joki 2005 yes no no no no

Matsui 2004 yes no no no no
Munakata 2003 yes yes no no no
Ueda 2008 yes yes no no no
Yamashina 2002 yes yes no no no

Vascular Profiler Huang 2007 yes no no no no
Yu 2008 yes no no no no

Automatic waveform analyser, Colin Komaki, Japan Kubo 2002 yes no no no no
Kumeda 2008 yes no no no no

VaSera VS 1000 Fukuda Japan Matsumae 2007 yes no no no no
Chest PPT measurement Sola 2010 no yes no no no
PPG systems Liu 2010 yes no no no no

Loukogeorgakis 2002 yes yes no yes yes
Sensor-based devise (Sensor techn) Clegg 2007 yes no no no no
Applanation tonometry (not further specified) Liang 1998 yes no no no no

Salvi 2004 yes yes no no no
Woodman 2005 yes no no no no
Zoungas 2006 yes no no no no

Pulse Pressure Analyzer, PP 1000 Ichihara 2005 yes no yes no no
Lee 2009 yes no no no no

PeriScope Naidu 2005 yes no no no no
“new dualchannel PPG system” Tsai 2005 yes yes no no no
“combination PPG & radial tonometry” Tahvanainen 2009 yes no no yes no
MCG 400 (automatic PWV measurement) Sawabe 2005 yes no no no no
Pulse Trace PCA Salvi 2008 yes yes no no no
Occlusion and monitoring cuffs Nitta 2004 yes no no no no
PWV 200 Shinohara 2004 yes no no no no
“manual method” (not further specified) Pereira 2010 yes no no no no

N.B. 11 of the 65 included articles are referred to 2 or 3 times because they included 
clinimetric data on 2 or more devices. 
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Table 3. Continued.

PWV instrument Reference Reproducibility
Concurrent 

validity Responsiveness
Feasibility

Duration procedure                         
Feasibility

Missing values

PulsePen Joly 2009 no yes no no no
Salvi 2008 yes yes no no no
Salvi 2004 yes yes no no no

Arteriograph Baulmann 2008 yes yes no no no
Horvath 2010 yes yes no no no
Jatoi 2009 yes yes no no no
Magometschnigg 2005 no yes no no no
Nemcsik 2009 no yes no no yes
Rajzer 2008 no yes no no no

ViCorder Hickson 2009 yes yes no no no
van Leeuwen-Segarceanu 2010 yes yes no no yes

Force Transducer Grass Inc Duren 2008 yes no no no no
Form PWV/ABI Joki 2005 yes no no no no

Matsui 2004 yes no no no no
Munakata 2003 yes yes no no no
Ueda 2008 yes yes no no no
Yamashina 2002 yes yes no no no

Vascular Profiler Huang 2007 yes no no no no
Yu 2008 yes no no no no

Automatic waveform analyser, Colin Komaki, Japan Kubo 2002 yes no no no no
Kumeda 2008 yes no no no no

VaSera VS 1000 Fukuda Japan Matsumae 2007 yes no no no no
Chest PPT measurement Sola 2010 no yes no no no
PPG systems Liu 2010 yes no no no no

Loukogeorgakis 2002 yes yes no yes yes
Sensor-based devise (Sensor techn) Clegg 2007 yes no no no no
Applanation tonometry (not further specified) Liang 1998 yes no no no no

Salvi 2004 yes yes no no no
Woodman 2005 yes no no no no
Zoungas 2006 yes no no no no

Pulse Pressure Analyzer, PP 1000 Ichihara 2005 yes no yes no no
Lee 2009 yes no no no no

PeriScope Naidu 2005 yes no no no no
“new dualchannel PPG system” Tsai 2005 yes yes no no no
“combination PPG & radial tonometry” Tahvanainen 2009 yes no no yes no
MCG 400 (automatic PWV measurement) Sawabe 2005 yes no no no no
Pulse Trace PCA Salvi 2008 yes yes no no no
Occlusion and monitoring cuffs Nitta 2004 yes no no no no
PWV 200 Shinohara 2004 yes no no no no
“manual method” (not further specified) Pereira 2010 yes no no no no

N.B. 11 of the 65 included articles are referred to 2 or 3 times because they included 
clinimetric data on 2 or more devices. 

51



3

Table 4a. Intra-rater reproducibility.

PWV instrument Reference n* Methods and results intra-rater reproducibility study ICC
CV 
(%)

CV 
descriptive LoA

SphygmoCor Baulmann 2008 51 Not clear how (“up to 5 measurements”), variance 
within sessions presented with n varying from 219 to 
296: Variance within 1 session  0.363 m/s (n=296, (1 
observer)

- - - -

Bodlaj 2007 21 overall within subject SD in 2 measurements in 21 
healthy individuals: 0.27 m/s, range of intra-subject 
SDs was 0-0.42 m/s. 

- - - -

Covic 2003 40 The intraobserver error for PWV was determined in 
20 young healthy volunteers (3.5%), in 10 dialysis 
patients (4.7%)

- - - -

Frimodt-Moller 2006 20 Intra-obs variation Aortic PWV: mean diff ( ±2 SD) 
0.0± 1.3 m/s (n=80 measurements in 20 individuals) 
Brachial PWV:  -0.1 ± 2.5 m/s (n=78 measurements 
in 20 individuals)

- - - -

Keven 2008 40 15 RTx, 15 Dx, and 10 healthy were re-evaluated. 
Intra-observer error was <5% in all groups.

- - - -

Millasseau 2005 ND - - 5.7 - -
Sigrist 2010 20 “PWV measurements were considered to have met 

the quality control parameters if 2 consecutive 
measurements were visually acceptable, within 1.5 
m/s of each other with a SD of less than 10%”.

- - - -

ter Avest 2005 19 Measured twice at 9:00 AM:  mean diff 0.19 m/s, 
SEM 0.12 m/s, SD of mean diff 0.52 m/s

- - - -

Tsai 2005 20 PWV-DVP was measured twice, 20 min apart 
(number of observers not decribed) mean values 
6.37 ± 1.05 m/s vs 6.29 ± 1.00 m/s (p=0.276); 
intraclass corr coef r=0.959, p<0,01; mean diff 0.09 
± 0.35 m/s

- 5.8 - -

van Leeuwen-
Segarceanu

2010 20 Sphygmocor : the mean difference (95% CI) 
between repeated measurements was 0.09 (0.20 to 
0.38) m/s

0.76 9.0 - mean diff. 
(95% CI) 0.09 
(-0.20 – 0.38) 

m/s 
LoA  [-1.53 - 

1.71] m/s, 
Verbeke 2007 ND Intrasession coeff of variation 2.9% - 2.9 - -
Wilkinson 1998 24 1 session: CF: SD of differences 1.17 m/s - - - -

Complior Asmar 1995 56 one session Repeatability Coefficient 0.935 - - - -
Baulmann 2008 51 Not clear how (“up to 5 measurements”), variance 

within sessions presented with n varying from 219 to 
296:Variance within 1 session 0.312 m/s (n=282), (1 
observer)

- - - -

Jerrard-Dunne 2008 ND - 0.84 - “< 5%” -
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Table 4a. Intra-rater reproducibility.

PWV instrument Reference n* Methods and results intra-rater reproducibility study ICC
CV 
(%)

CV 
descriptive LoA

SphygmoCor Baulmann 2008 51 Not clear how (“up to 5 measurements”), variance 
within sessions presented with n varying from 219 to 
296: Variance within 1 session  0.363 m/s (n=296, (1 
observer)

- - - -

Bodlaj 2007 21 overall within subject SD in 2 measurements in 21 
healthy individuals: 0.27 m/s, range of intra-subject 
SDs was 0-0.42 m/s. 

- - - -

Covic 2003 40 The intraobserver error for PWV was determined in 
20 young healthy volunteers (3.5%), in 10 dialysis 
patients (4.7%)

- - - -

Frimodt-Moller 2006 20 Intra-obs variation Aortic PWV: mean diff ( ±2 SD) 
0.0± 1.3 m/s (n=80 measurements in 20 individuals) 
Brachial PWV:  -0.1 ± 2.5 m/s (n=78 measurements 
in 20 individuals)

- - - -

Keven 2008 40 15 RTx, 15 Dx, and 10 healthy were re-evaluated. 
Intra-observer error was <5% in all groups.

- - - -

Millasseau 2005 ND - - 5.7 - -
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- - - -

ter Avest 2005 19 Measured twice at 9:00 AM:  mean diff 0.19 m/s, 
SEM 0.12 m/s, SD of mean diff 0.52 m/s

- - - -

Tsai 2005 20 PWV-DVP was measured twice, 20 min apart 
(number of observers not decribed) mean values 
6.37 ± 1.05 m/s vs 6.29 ± 1.00 m/s (p=0.276); 
intraclass corr coef r=0.959, p<0,01; mean diff 0.09 
± 0.35 m/s

- 5.8 - -

van Leeuwen-
Segarceanu

2010 20 Sphygmocor : the mean difference (95% CI) 
between repeated measurements was 0.09 (0.20 to 
0.38) m/s

0.76 9.0 - mean diff. 
(95% CI) 0.09 
(-0.20 – 0.38) 

m/s 
LoA  [-1.53 - 

1.71] m/s, 
Verbeke 2007 ND Intrasession coeff of variation 2.9% - 2.9 - -
Wilkinson 1998 24 1 session: CF: SD of differences 1.17 m/s - - - -

Complior Asmar 1995 56 one session Repeatability Coefficient 0.935 - - - -
Baulmann 2008 51 Not clear how (“up to 5 measurements”), variance 

within sessions presented with n varying from 219 to 
296:Variance within 1 session 0.312 m/s (n=282), (1 
observer)

- - - -

Jerrard-Dunne 2008 ND - 0.84 - “< 5%” -
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Table 4a. Continued.

PWV instrument Reference n* Methods and results intra-rater reproducibility study ICC
CV 
(%)

CV 
descriptive LoA

Complior Lantelme 2002 22 1 session; average difference between 2 
measurements at the same pacing -0.3m/s; SD 1.8 
m/s; Correlation between 2 measurements r=0.87, 
p<0.001

- - - -

Podolec 2007 107 Corr. coeff. of consecutive measurement 1&2: 
r=0.93, p<0.0001.  Between 2&3 r=0.95, p<0.0001, 
between 1&3: r=0.93, p<0.0001

- - - -

Posadzy-
Malaczynska

2005 ND “the method in the examining center has a variability 
of <6% in 15 measurements”

- - - -

Schwenger 2006 20 “intra-observer repeatability coefficient value > 0.9 
and in in 20 healthy adults intra-observer error was 
3.8%”

- - - -

Zhe 2008 ND - - - “... about 
1.74 

– 7.95%”

-

Arteriograph Baulmann 2008 51 Not clear how (“up to 5 measurements”), variance 
within sessions presented with n varying from 219 
to 296:Variance within 1 session  0.18 m/s (n=219 
measurements in 51 patients), (1 observer)

- - - -

Jatoi 2009 40 2 measurements at the same session by the same 
operator, coefficient of variation 0.08 m/s 

- 8.0 - -

Vicorder Hickson 2009 33 2 additonal recordings 5 min apart, mean (SD) 
difference 0.01 (0.29) m/s, CV 2.8%

- 2.8 - -

Form PWV/ABI Joki 2005 - - - - “Coefficient 
of variation 

<5%”

-

Vascular Profiler Huang 2007 116 “the difference in intra-operator measurement of 
baPWV was 2,2%”

- - - -

PPG systems Loukogeorgakis 2002 10 Not clearly described whether intra or inter rater; 
measurements 10 min apart, CV 5%; second 
repeatability study in 5 volunteers at 3 hourly 
intervals

- 5.0 - -

Pulse Pressure Analyzer, PP 1000 Ichihara 2005 ND - - - “The 
coefficient 
of variation 

of PWV 
values was 

<5%”

-

Lee 2009 17 Two consecutive measurements obs A within 
observer mean (2SD) diff aorta 0.01 (0.26), arm 0.02 
(0.26), leg 0.08 (0.32) m/s; obs B resp. 0.01 (0.24), 
0.04 (0.28),0.01 (0.20)

- - - -
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Table 4a. Continued.

PWV instrument Reference n* Methods and results intra-rater reproducibility study ICC
CV 
(%)

CV 
descriptive LoA

Complior Lantelme 2002 22 1 session; average difference between 2 
measurements at the same pacing -0.3m/s; SD 1.8 
m/s; Correlation between 2 measurements r=0.87, 
p<0.001

- - - -

Podolec 2007 107 Corr. coeff. of consecutive measurement 1&2: 
r=0.93, p<0.0001.  Between 2&3 r=0.95, p<0.0001, 
between 1&3: r=0.93, p<0.0001

- - - -

Posadzy-
Malaczynska

2005 ND “the method in the examining center has a variability 
of <6% in 15 measurements”

- - - -

Schwenger 2006 20 “intra-observer repeatability coefficient value > 0.9 
and in in 20 healthy adults intra-observer error was 
3.8%”

- - - -

Zhe 2008 ND - - - “... about 
1.74 

– 7.95%”

-

Arteriograph Baulmann 2008 51 Not clear how (“up to 5 measurements”), variance 
within sessions presented with n varying from 219 
to 296:Variance within 1 session  0.18 m/s (n=219 
measurements in 51 patients), (1 observer)

- - - -

Jatoi 2009 40 2 measurements at the same session by the same 
operator, coefficient of variation 0.08 m/s 

- 8.0 - -

Vicorder Hickson 2009 33 2 additonal recordings 5 min apart, mean (SD) 
difference 0.01 (0.29) m/s, CV 2.8%

- 2.8 - -

Form PWV/ABI Joki 2005 - - - - “Coefficient 
of variation 

<5%”

-

Vascular Profiler Huang 2007 116 “the difference in intra-operator measurement of 
baPWV was 2,2%”

- - - -

PPG systems Loukogeorgakis 2002 10 Not clearly described whether intra or inter rater; 
measurements 10 min apart, CV 5%; second 
repeatability study in 5 volunteers at 3 hourly 
intervals

- 5.0 - -

Pulse Pressure Analyzer, PP 1000 Ichihara 2005 ND - - - “The 
coefficient 
of variation 

of PWV 
values was 

<5%”

-

Lee 2009 17 Two consecutive measurements obs A within 
observer mean (2SD) diff aorta 0.01 (0.26), arm 0.02 
(0.26), leg 0.08 (0.32) m/s; obs B resp. 0.01 (0.24), 
0.04 (0.28),0.01 (0.20)

- - - -
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Table 4a. Continued.

PWV instrument Reference n* Methods and results intra-rater reproducibility study ICC
CV 
(%)

CV 
descriptive LoA

“new dualchannel PPG system” Tsai 2005 20 PWV-DVP was measured twice, 20 min apart 
(number of observers not decribed) mean values 
6.37 ± 1.05 m/s vs 6.29 ± 1.00 m/s (p=0.276); 
intraclass corr. coeff. r=0.959, p<0.01; mean diff 
0.09 ± 0.35 m/s

- 5.8 - -

“combination PPG & radial tonometry” Tahvanainen 2009 33 R(=1-MSwithin/MStotal) 99% on same day - - - Distance 
between LoA 

0.40 m/s
Occlusion and monitoring cuffs Nitta 2004 ND Two measurements were performed in each leg and 

the average value was used for the analysis. 
- - “The 

coefficient 
of variation 
of the PWV 

was less 
than 5%”

-

“manual method” (not further specified) Asmar 1995 56 one session Repeatability Coefficient manual 0.938 - - - -
Pereira 2010 31 1 session - - - LoA [-0.5 

- 0.5]

*n = number of participants reproducibility study (if described explicitly); ND = not 
described; ICC = Intra Class Correlation Coefficient; CV = Coefficient of Variation; LoA = 
Limits of Agreement; corr. coeff. = correlation coefficient

Table 4b. Inter-rater reproducibility.

PWV instrument Reference n* Methods and results inter-rater reproducibility study ICC CV (%) LoA

SphygmoCor Frimodt-Moller 2006 20 Aortic PWV: mean diff (±2 SD): single recordings: -0.5 ± 1.6 
(n=80 measurements in 20 individuals), double recordings: -0.5 ± 
1.4 (n=40) Brachial PWV: mean diff: single recordings: -0.9 ±2.9 
(n=77),  double recordings: -1.0 ± 2.3 (n=37)

- - -

Sigrist 2010 20 An F test showed that there was no significant difference between 
the 4 observers’  measurements (p=0.25). Furthermore, there was 
good statistical agreement between the observers for all variables 
measured. The intraclass correlation coefficient for all 4 observers 
assessing PWV was 0.95.

0.95 - -

Wilkinson 1998 24 1 session; SD of differences 1.25 m/s - - -
Complior Asmar 1995 56 one session RC manual 0.947, automatic 0.890 - - -
PulsePen Salvi 2004 68 - - 7.9 -
Form ABI Munakata 2003 47 - - - [-1.6 - 1.5] 

m/s
Yamashina 2002 55 in 32 subjects (15 controls and 17 patients) measurements by 2 

observers at the same occasion (5 minutes in between) Pearson’s 
corr. coeff. r=0.98 p<0.01

- 8.4 [-2.0 - 1.9] 
m/s

Vascular Profiler Huang 2007 116 113 pts on Continuous Ambulant Peritoneal Dialysis by 1 observer, 
3 by another. The difference in inter-operator measurement was 
2.1%

- - -
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Table 4a. Continued.

PWV instrument Reference n* Methods and results intra-rater reproducibility study ICC
CV 
(%)

CV 
descriptive LoA

“new dualchannel PPG system” Tsai 2005 20 PWV-DVP was measured twice, 20 min apart 
(number of observers not decribed) mean values 
6.37 ± 1.05 m/s vs 6.29 ± 1.00 m/s (p=0.276); 
intraclass corr. coeff. r=0.959, p<0.01; mean diff 
0.09 ± 0.35 m/s

- 5.8 - -

“combination PPG & radial tonometry” Tahvanainen 2009 33 R(=1-MSwithin/MStotal) 99% on same day - - - Distance 
between LoA 

0.40 m/s
Occlusion and monitoring cuffs Nitta 2004 ND Two measurements were performed in each leg and 

the average value was used for the analysis. 
- - “The 

coefficient 
of variation 
of the PWV 

was less 
than 5%”

-

“manual method” (not further specified) Asmar 1995 56 one session Repeatability Coefficient manual 0.938 - - - -
Pereira 2010 31 1 session - - - LoA [-0.5 

- 0.5]

*n = number of participants reproducibility study (if described explicitly); ND = not 
described; ICC = Intra Class Correlation Coefficient; CV = Coefficient of Variation; LoA = 
Limits of Agreement; corr. coeff. = correlation coefficient

Table 4b. Inter-rater reproducibility.

PWV instrument Reference n* Methods and results inter-rater reproducibility study ICC CV (%) LoA

SphygmoCor Frimodt-Moller 2006 20 Aortic PWV: mean diff (±2 SD): single recordings: -0.5 ± 1.6 
(n=80 measurements in 20 individuals), double recordings: -0.5 ± 
1.4 (n=40) Brachial PWV: mean diff: single recordings: -0.9 ±2.9 
(n=77),  double recordings: -1.0 ± 2.3 (n=37)

- - -

Sigrist 2010 20 An F test showed that there was no significant difference between 
the 4 observers’  measurements (p=0.25). Furthermore, there was 
good statistical agreement between the observers for all variables 
measured. The intraclass correlation coefficient for all 4 observers 
assessing PWV was 0.95.

0.95 - -

Wilkinson 1998 24 1 session; SD of differences 1.25 m/s - - -
Complior Asmar 1995 56 one session RC manual 0.947, automatic 0.890 - - -
PulsePen Salvi 2004 68 - - 7.9 -
Form ABI Munakata 2003 47 - - - [-1.6 - 1.5] 

m/s
Yamashina 2002 55 in 32 subjects (15 controls and 17 patients) measurements by 2 

observers at the same occasion (5 minutes in between) Pearson’s 
corr. coeff. r=0.98 p<0.01

- 8.4 [-2.0 - 1.9] 
m/s

Vascular Profiler Huang 2007 116 113 pts on Continuous Ambulant Peritoneal Dialysis by 1 observer, 
3 by another. The difference in inter-operator measurement was 
2.1%

- - -
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Table 4b. Continued.

PWV instrument Reference n* Methods and results inter-rater reproducibility study ICC CV (%) LoA

Vascular Profiler Yu 2008 20 baPWV 2 observers at the same hour of the same day; mean 
percentage error: 6.6 ± 4.7%, cfPWV 7.4 ± 5.4%

- - -

Applanation tonometry Zoungas 2006 46 “Intraclass correlation coeff PWV (95% CI) 0.95 (0.91-0.99), 
n=46” Interobserver? Reported after the sentence “Two observers 
performed all arterial function indices” in the paragraph named 
“Repeatability”

0.95 - -

Pulse Pressure Analyzer, PP 1000 Lee 2009 17 one session random order; mean (2SD) diff aorta 0.14 (0.62), arm 
0.18 (0.84), leg 0.07 (0.86)

- - -

PeriScope Naidu 2005 44 Interobserver reproducibility assessed by 2 observers measuring 
on 1 day. For each 4 PWV trajects (heart brachial (hb), heart ankle 
(ha),  brachial ankle (ba) , carotid femoral (cf):  Pearson correlation  
p<0.005 

- - hb: [-0.2 
- 0.2] 
ha: 

[-0.2- 0.2]
ba: 

[-1.1- 1.0]
cf:  

[- 0.8- 0.8]
PWV 200 Shinohara 2004 ND - - “CV < 

5%”
-

“manual method” Pereira 2010 31 - - - [-1.0 - 1.0] 
m/s

*: n = number of participants reproducibility study (if described explicitely); ND = not 
described; ICC = Intra Class Correlation Coefficient; CV = Coefficient of Variation; LoA = 
Limits of Agreement

Table 4c. Inter-session reproducibility.

PWV instrument Reference n* Methods and results inter-session reproducibility study ICC CV (%) LoA

SphygmoCor Baulmann 2008 51 Variance between 2 sessions (after a week) 1.67 m/s. - - -
Bodlaj 2007 21 Diurnal variation studied: 8 a.m.: 7.4 m/s ± 0.6,  12 a.m.: 7.1 m/s 

± 0.6 (<0.05 vs. 8 a.m.), 5 p.m.: 7.0 m/s ± 0.6 (<0.05 vs 8 a.m.) 
n=21

- - -

Covic 2003 40 The intraobserver error for PWV was determined in 10 renal 
transplant patients; 4 hours gap: 5.8%

- - -

Frimodlt-Moller 2008 19 Double recordings by both observers at day 1 and repeated by one 
of the observers at day 2

0.94 - [-2.0 – 2.0]

Millasseau. 2002 8 3 measurements seperated by 1 wk intervals in 8 healthy men: the 
mean within subject SD was 0.068 m/s.

- 8.8 -

ter Avest 2005 19 Measured twice at 9:00 AM and once at 2:00 PM; 9:00 AM: mean 
diff 0.19 m/s, SEM 0.12 m/s, SD of mean diff 0.52 m/s; between 9 
and 2: mean diff -0.37 m/s, SEM 0.23 m/s, SD of mean diff 1 m/s

- - -

van Trijp 2006 25 Not clear; ICC repeated measurements was 0.67. “…in 25 
participants PWV measurements were repeated several weeks 
after the first visit. The absolute mean difference between the 
visits was 0.12 m/s (0.45)” 

0.67 - -
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Table 4b. Continued.

PWV instrument Reference n* Methods and results inter-rater reproducibility study ICC CV (%) LoA

Vascular Profiler Yu 2008 20 baPWV 2 observers at the same hour of the same day; mean 
percentage error: 6.6 ± 4.7%, cfPWV 7.4 ± 5.4%

- - -

Applanation tonometry Zoungas 2006 46 “Intraclass correlation coeff PWV (95% CI) 0.95 (0.91-0.99), 
n=46” Interobserver? Reported after the sentence “Two observers 
performed all arterial function indices” in the paragraph named 
“Repeatability”

0.95 - -

Pulse Pressure Analyzer, PP 1000 Lee 2009 17 one session random order; mean (2SD) diff aorta 0.14 (0.62), arm 
0.18 (0.84), leg 0.07 (0.86)

- - -

PeriScope Naidu 2005 44 Interobserver reproducibility assessed by 2 observers measuring 
on 1 day. For each 4 PWV trajects (heart brachial (hb), heart ankle 
(ha),  brachial ankle (ba) , carotid femoral (cf):  Pearson correlation  
p<0.005 

- - hb: [-0.2 
- 0.2] 
ha: 

[-0.2- 0.2]
ba: 

[-1.1- 1.0]
cf:  

[- 0.8- 0.8]
PWV 200 Shinohara 2004 ND - - “CV < 

5%”
-

“manual method” Pereira 2010 31 - - - [-1.0 - 1.0] 
m/s

*: n = number of participants reproducibility study (if described explicitely); ND = not 
described; ICC = Intra Class Correlation Coefficient; CV = Coefficient of Variation; LoA = 
Limits of Agreement

Table 4c. Inter-session reproducibility.

PWV instrument Reference n* Methods and results inter-session reproducibility study ICC CV (%) LoA

SphygmoCor Baulmann 2008 51 Variance between 2 sessions (after a week) 1.67 m/s. - - -
Bodlaj 2007 21 Diurnal variation studied: 8 a.m.: 7.4 m/s ± 0.6,  12 a.m.: 7.1 m/s 

± 0.6 (<0.05 vs. 8 a.m.), 5 p.m.: 7.0 m/s ± 0.6 (<0.05 vs 8 a.m.) 
n=21

- - -

Covic 2003 40 The intraobserver error for PWV was determined in 10 renal 
transplant patients; 4 hours gap: 5.8%

- - -

Frimodlt-Moller 2008 19 Double recordings by both observers at day 1 and repeated by one 
of the observers at day 2

0.94 - [-2.0 – 2.0]

Millasseau. 2002 8 3 measurements seperated by 1 wk intervals in 8 healthy men: the 
mean within subject SD was 0.068 m/s.

- 8.8 -

ter Avest 2005 19 Measured twice at 9:00 AM and once at 2:00 PM; 9:00 AM: mean 
diff 0.19 m/s, SEM 0.12 m/s, SD of mean diff 0.52 m/s; between 9 
and 2: mean diff -0.37 m/s, SEM 0.23 m/s, SD of mean diff 1 m/s

- - -

van Trijp 2006 25 Not clear; ICC repeated measurements was 0.67. “…in 25 
participants PWV measurements were repeated several weeks 
after the first visit. The absolute mean difference between the 
visits was 0.12 m/s (0.45)” 

0.67 - -
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Table 4c. Continued.

PWV instrument Reference n* Methods and results inter-session reproducibility study ICC CV (%) LoA

SphygmoCor van Trijp 2006 20 Repeated measurements: mean difference 0.091 m/s, SD 1.5 m/s,  
measurements repeated after several weeks, not clear how many 
observers

0.85 - -

Verbeke 2007 ND - - 5.2 -
Complior Baulmann 2008 51 Variance between 2 sessions (after a week) 1.55 m/s. - - -
Arteriograph Baulmann 2008 51 Variance between 2 sessions (after a week) 1.18 m/s. - - -

Jatoi 2009 40 2 measurements at the same session by the same operator,  
repeated 1 week later, coefficient of variation with 1 week in 
between 0.1 m/s

- 10.0 -

Force Transducer Grass Inc Duren 2008 26 Mean of 4 measurements per day, on 2 separate days; Results: CV 
PWVcf:1.8%, correl: 0.98, mean visit 1: 7.56, visit 2: 7.57

- 1.8 -

Form PWV/ABI Matsui 2004 103 Intra-observer intersession reproducibility: 2 measurements by 1 
observer, 4 weeks in between.

- 3.8 [-3.75 - 
4.38] m/s,

Munakata 2003 47 on 2 different days - - [-2.5 - 2.0 
]m/s

Ueda 2008 14 7-14 days in between - 5.7 [-0.5 – 2.0] 
m/s

Yamashina 2002 55 in 55 subjects (14 controls and 41 patients with CAD) 2 
measurements on 2 different days by 1 observer:Pearson’s 
correlation coeff r=0.87 p<0.01

- 10.0 [-2.4 - 3.4 
]m/s

Vascular Profiler Yu 2008 20 baPWV; same observer repeated meas on same hour on different 
days; mean percentage error: 5.6 ± 4.4%, cfPWV 5.0 ± 4.3%.

- - -

Automatic waveform analyser Kumeda 2008 17 In 17 healthy subjects repeated measurements on 2 separate 
occasions, baPWV: coeffecient of variation: 1.9% Number of 
observers not described.

- 1.9 -

PPG systems Liu 2010 15 Reproducibility was tested by calculating the relative Technical 
Error of the Measurement by measuring 15 healthy volunteers at 
an interval of 3 months. rTEM on 6 PWV locations was below or 
around 5 % (and rTEM > 5 % is considered to be imprecise)

- - -

Loukogeorgakis 2002 10 “second repeatability study in 5 volunteers at 3 hourly intervals”; 
no result presented

- - -

Applanation tonometry (not further specified) Liang 1998 50 1-4 weeks in between; RC=1.37 m/s - 3.2 [-1.5 - 1.5] 
m/s

Woodman 2005 30 Same investigator, 1 week later - 7.6 -
PeriScope Naidu 2005 44 Inter-period reproducibility assessed by 1 oberserver measuring on 

2 separate days. for each 4 PWV trajects pearson correl p<0.005 + 
Bland Altman analysis

- - Heart 
ankle:       

[-0.3-0.3]
Heart 

brachial:    
[-0.2-0.2]
Brachial 
ankle:    

[0.5-0.3]
Carotid 
femoral:  
[-0.7-0.5]
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Table 4c. Continued.

PWV instrument Reference n* Methods and results inter-session reproducibility study ICC CV (%) LoA

SphygmoCor van Trijp 2006 20 Repeated measurements: mean difference 0.091 m/s, SD 1.5 m/s,  
measurements repeated after several weeks, not clear how many 
observers

0.85 - -

Verbeke 2007 ND - - 5.2 -
Complior Baulmann 2008 51 Variance between 2 sessions (after a week) 1.55 m/s. - - -
Arteriograph Baulmann 2008 51 Variance between 2 sessions (after a week) 1.18 m/s. - - -

Jatoi 2009 40 2 measurements at the same session by the same operator,  
repeated 1 week later, coefficient of variation with 1 week in 
between 0.1 m/s

- 10.0 -

Force Transducer Grass Inc Duren 2008 26 Mean of 4 measurements per day, on 2 separate days; Results: CV 
PWVcf:1.8%, correl: 0.98, mean visit 1: 7.56, visit 2: 7.57

- 1.8 -

Form PWV/ABI Matsui 2004 103 Intra-observer intersession reproducibility: 2 measurements by 1 
observer, 4 weeks in between.

- 3.8 [-3.75 - 
4.38] m/s,

Munakata 2003 47 on 2 different days - - [-2.5 - 2.0 
]m/s

Ueda 2008 14 7-14 days in between - 5.7 [-0.5 – 2.0] 
m/s

Yamashina 2002 55 in 55 subjects (14 controls and 41 patients with CAD) 2 
measurements on 2 different days by 1 observer:Pearson’s 
correlation coeff r=0.87 p<0.01

- 10.0 [-2.4 - 3.4 
]m/s

Vascular Profiler Yu 2008 20 baPWV; same observer repeated meas on same hour on different 
days; mean percentage error: 5.6 ± 4.4%, cfPWV 5.0 ± 4.3%.

- - -

Automatic waveform analyser Kumeda 2008 17 In 17 healthy subjects repeated measurements on 2 separate 
occasions, baPWV: coeffecient of variation: 1.9% Number of 
observers not described.

- 1.9 -

PPG systems Liu 2010 15 Reproducibility was tested by calculating the relative Technical 
Error of the Measurement by measuring 15 healthy volunteers at 
an interval of 3 months. rTEM on 6 PWV locations was below or 
around 5 % (and rTEM > 5 % is considered to be imprecise)

- - -

Loukogeorgakis 2002 10 “second repeatability study in 5 volunteers at 3 hourly intervals”; 
no result presented

- - -

Applanation tonometry (not further specified) Liang 1998 50 1-4 weeks in between; RC=1.37 m/s - 3.2 [-1.5 - 1.5] 
m/s

Woodman 2005 30 Same investigator, 1 week later - 7.6 -
PeriScope Naidu 2005 44 Inter-period reproducibility assessed by 1 oberserver measuring on 

2 separate days. for each 4 PWV trajects pearson correl p<0.005 + 
Bland Altman analysis

- - Heart 
ankle:       

[-0.3-0.3]
Heart 

brachial:    
[-0.2-0.2]
Brachial 
ankle:    

[0.5-0.3]
Carotid 
femoral:  
[-0.7-0.5]
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Table 4c. Continued.

PWV instrument Reference n* Methods and results inter-session reproducibility study ICC CV (%) LoA

“combination PPG & radial tonometry” Tahvanainen 2009 33 On four separate days: R 87% - - “distance 
between 
LoA 87 
m/s” ^

MCG 400 (automatic PWV measurement) Sawabe 2005 49 measured twice at 4-month intervals; Pearson’s correl. Coeff.  
0.733, P<0.0001

- - -

*n = number of participants reproducibility study (if described explicitely); # = mean diff. 
= mean difference; ND = not described; ICC = Intra Class Correlation Coefficient; CV = 
Coefficient of Variation; LoA = Limits of Agreement; ^ = suspected to be a typo

Table 4d. Reproducibility studies that can not be clearly defined due to insufficient 
reporting.

PWV instrument Reference n* Methods and results

SphygmoCor Bellasi 2008 ND “The reproducibility of measurements ranges from 5-8%”#

Heffernan 2007 30 ICC: Central PWV/ Peripheral PWV  Before: 0.91/086 10 min: 0.96/0.95 20 min: 
0.93/0.75 30 min after exercise: 0.75/0.83

Jiang 2008 62 “within subject SD 0.63 m/s, CV 10.1 %”, not clear whether these data concern 
intra-obs reproducibility or concurrent validity between 2 devices, Interobserver CV of 
5.8%; the SD was 0.36 m/s; again not clear whether this is interobsever or inter-device 
comparison

Complior Salvi 2008 50 Complior 12.4 %#

PulsePen Salvi 2008 50 PulsePen 12.3%#

Automatic waveform analyser, Colin Komaki, Japan Kubo 2002 20 r=0.99, p<0.0001#

VaSera VS 1000 Fukuda Japan Matsumae 2007 ND “CV <5%”#

a sensor-based devise (Sensor techn) Clegg 2007 8 “CV was 2.8% for PWV” #

Pulse Trace PCA Salvi 2008 50 Pulse Trace 14.5%#

*n = number of participants reproducibility study (if described explicitely); # =  No methods 
and type of reproducibility parameter reported; ND = not described; ICC = Intra Class 
Correlation Coefficient; CV = Coefficient of Variation

62



3

Table 4c. Continued.

PWV instrument Reference n* Methods and results inter-session reproducibility study ICC CV (%) LoA

“combination PPG & radial tonometry” Tahvanainen 2009 33 On four separate days: R 87% - - “distance 
between 
LoA 87 
m/s” ^

MCG 400 (automatic PWV measurement) Sawabe 2005 49 measured twice at 4-month intervals; Pearson’s correl. Coeff.  
0.733, P<0.0001

- - -

*n = number of participants reproducibility study (if described explicitely); # = mean diff. 
= mean difference; ND = not described; ICC = Intra Class Correlation Coefficient; CV = 
Coefficient of Variation; LoA = Limits of Agreement; ^ = suspected to be a typo

Table 4d. Reproducibility studies that can not be clearly defined due to insufficient 
reporting.

PWV instrument Reference n* Methods and results

SphygmoCor Bellasi 2008 ND “The reproducibility of measurements ranges from 5-8%”#

Heffernan 2007 30 ICC: Central PWV/ Peripheral PWV  Before: 0.91/086 10 min: 0.96/0.95 20 min: 
0.93/0.75 30 min after exercise: 0.75/0.83

Jiang 2008 62 “within subject SD 0.63 m/s, CV 10.1 %”, not clear whether these data concern 
intra-obs reproducibility or concurrent validity between 2 devices, Interobserver CV of 
5.8%; the SD was 0.36 m/s; again not clear whether this is interobsever or inter-device 
comparison

Complior Salvi 2008 50 Complior 12.4 %#

PulsePen Salvi 2008 50 PulsePen 12.3%#

Automatic waveform analyser, Colin Komaki, Japan Kubo 2002 20 r=0.99, p<0.0001#

VaSera VS 1000 Fukuda Japan Matsumae 2007 ND “CV <5%”#

a sensor-based devise (Sensor techn) Clegg 2007 8 “CV was 2.8% for PWV” #

Pulse Trace PCA Salvi 2008 50 Pulse Trace 14.5%#

*n = number of participants reproducibility study (if described explicitely); # =  No methods 
and type of reproducibility parameter reported; ND = not described; ICC = Intra Class 
Correlation Coefficient; CV = Coefficient of Variation
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Table 5. Concurrent validity.

PWV instrument Reference Number of paticipants Methods and results concurrent validity LoA

SphygmoCor Baulmann 2008 51 Comparison with Arteriograph. Result: 
Spearman’s corr. coeff.  r=0.67 p<0,001, 
r=0.69 p<0.002. 
Comparison with Complior. Result: r=0.87 
p<0.001. 

Comparison with Arteriograph: mean diff 
0.5,LoA [-2.6 – 3.25] 
Comparison with Complior: mean diff 
0.75,  LoA [-1.2 – 2.5] 

Jiang 2008 62 Comparison with Doppler ultrasound. 
Result: corr. coeff. r=0.83, p<0.0001 

 “SD of the diff between the mean values 
was 1.5 m/s” , LoA [-3 – 3]

Magometschnigg 2005 100 Comparison with TensioClinic. Result: 
PWV: SphygmoCor: 8.4 ± 1.5 m/s, PWV 
TensioClinic: 9.1 ± 1.8 m/s;  corr. coeff. 
r= -0.04

-

Millasseau 2005 64 Comparison with Complior. Result: 
PWV SphygmoCor > PWV Complior, 
difference increasing with increasing 
PWV; no significant difference between 
SphygmoCor and Complior

-

Rajzer 2008 64 - 1. Comparison with Complior:
mean diff 1.4,  LoA [-1.6 - 4.4] 
2. Comparison with Arteriograph: 
mean diff -0.3 , LoA [-4.1 - 3.5] 

Tsai 2005 100 Comparison with PWV measured by digital 
pulse volume analysis. Result: corr. coeff. 
r=0.678, p<0.01,  mean diff. 1.4

-

van Leeuwen-
Segarceanu

2010 30 Comparison with Vicorder. “The mean 
PWV measured by the Vicorder was 0.58 
(-0.20 to 1.35) m/s higher than the PWV 
measured by the Sphygmocor, which was 
not statistically significant different”. 

Mean diff (95% CI) 0.58 (-0.20 – 1.35) m/s
LoA  [-3.5 – 4.66] m/s

Weber 2009 135 Comparison with invasively measured 
PWV during cardiac catheterization on the 
previous day, using the simple calculation 
for the distance based on body height.

mean diff: -0.3 m/s
LoA [-3.2 - 2.5] m/s

Complior Asmar 1995 418 Comparison with “manual method”. 
Results: corr. coeff. r=0.99 (p<0.001)

mean diff (SD):  0.20 (0.45) m/s
LoA [-0.64 to 1.1] m/s

Baulmann 2008 51 Comparison with Arteriograph. Result: 
Spearman’s correl r=0.69 p<0.001. 
Comparison with SphygmoCor. Result:  
r=0.87 p<0.001. 

Comparison with Arteriograph: 
mean diff. -0.3 m/s,  LoA [-3.2 – 2.6] m/s
Comparison with SphygmoCor: mean diff. 
0.75 m/s,  LoA [-1.2 – 2.5] m/s        
(NB LoA estimated from Bland-Altman 
plots)

Joly 2009 32 Comparison with PulsePressure. r=0.75; 
p<0.0001, 

mean diff 1.1 m/s
LoA [-0.8 - 3.0] m/s 

Millasseau 2005 64 Comparison SphygmoCor and Complior; 
additional software used to determine 
PWV using the intersecting tangent 
method for Complior; PWVS>PWVC, 
difference increasing with increasing PWV; 
no sign diff between PWVS and PWVC*

-
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Table 5. Concurrent validity.

PWV instrument Reference Number of paticipants Methods and results concurrent validity LoA

SphygmoCor Baulmann 2008 51 Comparison with Arteriograph. Result: 
Spearman’s corr. coeff.  r=0.67 p<0,001, 
r=0.69 p<0.002. 
Comparison with Complior. Result: r=0.87 
p<0.001. 

Comparison with Arteriograph: mean diff 
0.5,LoA [-2.6 – 3.25] 
Comparison with Complior: mean diff 
0.75,  LoA [-1.2 – 2.5] 

Jiang 2008 62 Comparison with Doppler ultrasound. 
Result: corr. coeff. r=0.83, p<0.0001 

 “SD of the diff between the mean values 
was 1.5 m/s” , LoA [-3 – 3]

Magometschnigg 2005 100 Comparison with TensioClinic. Result: 
PWV: SphygmoCor: 8.4 ± 1.5 m/s, PWV 
TensioClinic: 9.1 ± 1.8 m/s;  corr. coeff. 
r= -0.04

-

Millasseau 2005 64 Comparison with Complior. Result: 
PWV SphygmoCor > PWV Complior, 
difference increasing with increasing 
PWV; no significant difference between 
SphygmoCor and Complior

-

Rajzer 2008 64 - 1. Comparison with Complior:
mean diff 1.4,  LoA [-1.6 - 4.4] 
2. Comparison with Arteriograph: 
mean diff -0.3 , LoA [-4.1 - 3.5] 

Tsai 2005 100 Comparison with PWV measured by digital 
pulse volume analysis. Result: corr. coeff. 
r=0.678, p<0.01,  mean diff. 1.4

-

van Leeuwen-
Segarceanu

2010 30 Comparison with Vicorder. “The mean 
PWV measured by the Vicorder was 0.58 
(-0.20 to 1.35) m/s higher than the PWV 
measured by the Sphygmocor, which was 
not statistically significant different”. 

Mean diff (95% CI) 0.58 (-0.20 – 1.35) m/s
LoA  [-3.5 – 4.66] m/s

Weber 2009 135 Comparison with invasively measured 
PWV during cardiac catheterization on the 
previous day, using the simple calculation 
for the distance based on body height.

mean diff: -0.3 m/s
LoA [-3.2 - 2.5] m/s

Complior Asmar 1995 418 Comparison with “manual method”. 
Results: corr. coeff. r=0.99 (p<0.001)

mean diff (SD):  0.20 (0.45) m/s
LoA [-0.64 to 1.1] m/s

Baulmann 2008 51 Comparison with Arteriograph. Result: 
Spearman’s correl r=0.69 p<0.001. 
Comparison with SphygmoCor. Result:  
r=0.87 p<0.001. 

Comparison with Arteriograph: 
mean diff. -0.3 m/s,  LoA [-3.2 – 2.6] m/s
Comparison with SphygmoCor: mean diff. 
0.75 m/s,  LoA [-1.2 – 2.5] m/s        
(NB LoA estimated from Bland-Altman 
plots)

Joly 2009 32 Comparison with PulsePressure. r=0.75; 
p<0.0001, 

mean diff 1.1 m/s
LoA [-0.8 - 3.0] m/s 

Millasseau 2005 64 Comparison SphygmoCor and Complior; 
additional software used to determine 
PWV using the intersecting tangent 
method for Complior; PWVS>PWVC, 
difference increasing with increasing PWV; 
no sign diff between PWVS and PWVC*

-
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Table 5. Continued.

PWV instrument Reference Number of paticipants Methods and results concurrent validity LoA

Complior Podolec 2007 107 Comparison with invasively measured 
PWV; Results: cfPWV (Complior) compared 
with aPWV (invasive). Result  r=0.70, 
p<0.0001

-

Rajzer 2008 64 Bland Altman plots Comparison with SphygmoCor: mean diff 
1.4, LoA (1.96 SD) [-1.6 to 4.4] m/s,
Comparison with Arteriograph: mean diff 
1.1, LoA [-2.9 to 5.2] m/s

Salvi 2008 50 Comparison with “reference method” (“a 
simultaneous acquisition of pressure waves 
using two tonometers”); Bland Altman 
analysis

mean diff (2 SD) 2.09 (2.68)

Ueda 2008 21 Carotid-femoral: Pearson’s rho between 
Form and Complior 0.741, p<0.001; “No 
correlation” between baPWV and PWVcf

-

PulsePen Joly 2009 32 Comparison with Complior II: linear 
regression analysis p<0.0001, r=0.75. also 
compared to MRI measurements.

Bland-Altman: 1.1+/-1.9m/s 

Salvi 2008 50 Comparison with “reference method” (“a 
simultaneous acquisition of pressure waves 
using two tonometers”); Bland Altman 
analysis

mean diff (2 SD)  -0.15 (0.62)

Salvi 2004 68 PulsePen compared to standard method 
with 2 Millar tonometers: 

mean diff -0.166 m/s,LoA[-1.450-1.118]
m/s

Arteriograph Baulmann 2008 51 Comparison with Sphygmocor and 
Complior. Result: Spearman’s correl. r=0.67 
p<0.001 / r=0.69 p<0,002. Also with Bland 
Altman method

Comparison with SphygmoCor: mean diff: 
0.5, LoA [-2.4 – 3.3] m/s 
Comparison with Complior; mean diff: 
-0.3, LoA [-3.2 – 2.6] m/s
(NB LoA estimated from Bland-Altman 
plots)

Horvath 2010 22 Comparison with invasively measured PWV LoA [ -1.59 to 1.49 m/s]
Jatoi 2009 254 Comparison with Complior: BA mean diff -0.7 m/s, LoA [ -4.3 to 2.9 m/s]
Magometschnigg 2005 100 Comparison with SphygmoCor corr. coef 

r= -0.04
-

Nemcsik 2009 98 Comparison with PulsePen: Pearson 
correlation and Bland Altman , p<0.01

mean diff (SD) -1.2 (3.6) m/s

Rajzer 2008 64 Bland Altman plots Complior – Arteriograph:  mean diff 1.1, 
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SphygmoCor-Arteriograph: mean diff -0.3, 
LoA [-4.1 to 3.5]

ViCorder Hickson 2009 122 Comparison with SphygmoCor mean (SD) diff 0.3 (1.5) m/s
van Leeuwen-
Segarceanu

2010 30 Comparison between PWVcf SphygmoCor 
and Vicorder. The mean PWVcf measured 
by the Vicorder was 0.58 (-0.20 to 1.35) 
m/s higher than the PWVcf measured by 
the Sphygmocor, which was not statistically 
significant different. 

LoA [-3.50 to 4.66 m/s]
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Table 5. Continued.

PWV instrument Reference Number of paticipants Methods and results concurrent validity LoA
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-
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Table 5. Continued.

PWV instrument Reference 
Number of 
paticipants

Methods and results concurrent 
validity LoA

Form PWV/ABI Ueda 2008 21 Carotid-femoral: Pearson’s rho between 
Form and Complior 0.741, p<0.001; “No 
correlation” between brachial-ankle and 
carotid-femoral PWV

-

Yamshina 2002 - Comparison with invasively measured 
PWV (obtained by a cathetertip 
manometer) and ba PWV correlation 
r=0.87, p<0.01

-

Chest PPT 
measurement 
instrument

Sola 2010 31 1/Chest PTT vs.Complior; r=0.88 
(p<0.001); 

mean diff:  1.1 m/s, LoA: [ -1.24 to 3.44 
m/s]

PPG systems Loukogeorgakis 2002 18 Comparison with invasively measured 
PWV; correlation r=0.83, p<0.0001

 LoA:  [-22 to 22] milliseconds (time)

Applanation 
tonometry (not 
further specified)

Salvi 2004 68 PulsePen compared to standard method 
with 2 Millar tonometers: 

mean diff -0.166 m/s, LoA [-1.450 to 
1.118] m/s

“new 
dualchannel PPG 
system”

Tsai 2005 100 PWV measured by digital pulse volume 
analysis (PWV-DVP, new dualchannel PPG 
system) compared to SphygmoCor. Corr 
coeff:r=0.678

-

Pulse Trace PCA Salvi 2008 50 Comparison with “reference method” (“a 
simultaneous acquisition
of pressure waves using two tonometers”); 
Bland Altman analysis

mean diff (2 SD)  -1.12 (4.92)

LoA = Limits of Agreement; mean diff. = mean difference; corr. coeff = correlation 
coefficient

Table 6. Responsiveness.

PWV instrument Reference n Methods and results 

SphygmoCor Covic 2003 61 PWV post transplantation significantly lower than pre-transplantation (p<0.05)
Frimodt-Moller 2006 23 PWV measurement before and after smoking a cigarette 

Result; Brachial PWV: p<0.05, Aortic PWV NS
Millasseau 2005 64 Significant increase of PWV during intravenous infusion of isoprotenerol in 10 healthy 

volunteers and during pacing from 80 to 120 b/min in 11 patients with pacemakers
Complior Millasseau 2005 64 Significant  increase in PWV during intravenous infusion of isoprotenerol in 10 healthy 

volunteers and during pacing from 80 to 120 b/min in 11 patients with pacemakers
Pulse Pressure Analyzer, PP 1000 Ichihara 2005 66 Response on Losartan and Trandolapril in Haemodialyis patients. 

Results: Odds (95% CI) increase PWV : Losartan: 0.031 (0.004 – 0.183),  p=0.0001, 
Trandolapril: 0.033 (0.006 – 0.193),  p=0.0002

PWV= pulse wave velocity; n = total number of participants PWV study; NS= not significant
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Table 5. Continued.

PWV instrument Reference 
Number of 
paticipants

Methods and results concurrent 
validity LoA
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Table 6. Responsiveness.

PWV instrument Reference n Methods and results 

SphygmoCor Covic 2003 61 PWV post transplantation significantly lower than pre-transplantation (p<0.05)
Frimodt-Moller 2006 23 PWV measurement before and after smoking a cigarette 

Result; Brachial PWV: p<0.05, Aortic PWV NS
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Complior Millasseau 2005 64 Significant  increase in PWV during intravenous infusion of isoprotenerol in 10 healthy 
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PWV= pulse wave velocity; n = total number of participants PWV study; NS= not significant

69



3

Table 7. Feasibility.

PWV instrument Reference  n Time Missing values (%) Explanation missing values

SphygmoCor Bellasi 2008 142 - 7.7 “PWV was successfully recorded in all but 5 blacks and 6 
whites” no reason for missing values.

Frimodlt-Moller 2008 19 - 0 “All pulse wave recordings in the study were within our quality 
standard ‘as described above”.

Frimodt-Moller 2006 23 - 13.0 in 3/23 subjects PWV measurements failed for technical reasons

Hermans 2006 174 - 13.0 21 failures in 131 Dialysis pts; “most (11) of these failures were 
due to heart rhythm disturbances or vascular surgery (technical 
failure). In 1/41 controls PWV measurement failed due to 
irregular heart rate”: total failures 22 / 172 measurements

van Leeuwen-
Segarceanu

2010 30 - 8.0 “In 3/38 patients the SphygmoCor data were rejected because 
of quality control reasons as described elsewhere” (reference 
Frimodt-Moller 2008)

van Trijp 2006 497 “The whole procedure (3 PWV 
measurements) took

20-30 minutes”.

- -

van Trijp 2006 299 - 9.9 33/332 had “missing values” but it is not clear which proportion 
had missing values for PWV-SphygmoCor data or why these 
where missing.

Verbeke 2007 244 - 1.0 3/203 were excluded due to “insufficient technical quality of the 
measurement”

Complior Mattace-Raso 2006 3550 - 1.9 “In 69/3550 subjects measurements were excluded due to poor 
quality of the PWV index readings”.

Pannier 2005 305 - 15.0 “aPWV measured in all 305 Hemoadialysis patients, bPWV only 
in 258/305 due to bilateral Arteriovenous fistulas for dialysis, 
femorotibial PWV in 247/305 patietns only because only these 
had a normal ankle-brachial pressure index”.

Sola 2010 31 - 6.0 “Complior unable to detect carotid pressure pulses”
Arteriograph Nemcsik 2009 98 - 6.1 “The software was not able to calculate values from the pressure 

wave curves of at least two out of the three measurements”
ViCorder van Leeuwen-

Segarceanu
2010 30 - 13.0 “In 5/38 patients, due to failure of the Vicorder device to store 

the data”
PPG systems Loukogeorgakis 2002 18 10 minutes 6.0 “poor PPG signal quality”
“combination PPG 
& radial tonometry”

Tahvanainen 2009 33 6 measurements in 15 minutes - -
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Table 8. Clinimetric characteristics of devices that measure pulse wave velocity (PWV). 
Number of (adult) studies per characteristic and key findings on invasive validation and 
feasibility

PWV instrument

Reproducibility (n studies) Concurrent validity 
(n studies; comparison 

with n devices)
Invasive validation

(n studies; result; [ref])**
Responsiveness

(n studies)
Feasibility

 (n studies; result) **Intra-rater              Inter-rater Inter-session

SphygmoCor 12 3 9 7; 6 1; mean diff. 0.3 m/s,LoA 
[-3.2 – 2.5] m/s [27]

3 1; “3 measurements in 20-30 minutes”7; 
missing values [0-13%]

Complior 8 1 1 7; 7 1; r=0.70, p < 0.0001 [59] 1 3; missing values 1.9 , 6.0, 15%
PulsePen 0 1 0 3; 3 0 0 0
Arteriograph 2 0 2 5; 3 1; LoA [-1.59 – 1.49] m/s 

[13]
0 1; mising values 6.1%

ViCorder 1 0 0 2; 1 0 0 1; missing values 13.0%
Force Transducer Grass 
Inc

0 0 1 0 0 0 0

Form PWV/ABI 1 2 4 1; 1 1; corr. r=0.87, p<0.01 [72] 0 0
Vascular Profiler 1 2 1 0 0 0 0
Automatic waveform 
analyser #

0 0 1 0 0 0 0

VaSera VS 1000 # 0 0 0 0 0 0 0
Chest PPT instrument 0 0 0 1;1 0 0 0
PPG systems 1 0 2 0 1; corr. r=0.83, 

p<0.0001LoA[-22-22]
milliseconds [48]

0 1;Duration of procedure 10 minutes; 
missing values 6% 

Sensor-based device # 0 0 0 0 0 0 0
Applanation tonometry, 
other

0 1 2 1;1 0 0 0

Pulse Pressure Analyzer, 
PP 1000

2 1 0 0 0 1 0

PeriScope 0 1 1 0 0 0 0
“new dualchannel PPG 
system”

1 0 0 1;1 0 0 0

“combination PPG & 
radial tonometry”

1 0 1 0 0 0 1; “6 measurements in 15 minutes”

MCG 400 (automatic 
PWV measurement)

0 0 1 0 0 0 0

Pulse Trace PCA # 0 0 0 1;2 0 0 0
Occlusion and 
monitoring cuffs

1 0 0 0 0 0 0

PWV 200 0 1 0 0 0 0 0
“manual method” 2 1 0 0 0 0 0

n= number of included studies; mean diff = mean difference; LoA = Limits of 
Agreement; corr. = correlation; *= number of PWV studies that were included 
that uased this device; **= result as reported in the article; # = Reproducibility 
studies were performed with the device, but were defined “unclear” due to insufficient 
reporting of data.  
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SphygmoCor device (7 papers), 1.9 – 15.0 % for the Complior (3 papers) and 6.1%, 
13.0%, and 6 % for the Arteriograph, ViCorder, and PPG system, respectively. 

In Table 8 a comparison of all clinimetric and feasibility properties per device is provided. 
The device that was mostly studied, including a study on invasive validation[27], is the 
SphygmoCor. The Complior was the second most studied device and was also compared 
with invasively measured PWV, the result being presented as a correlation coefficient of 
0.70, p<0.0001[59] .

discussion
The main objective of this systematic review was to investigate which PWV measurement 
device has the best profile in terms of validity, reproducibility and responsiveness and 
which of these instruments is most suitable for use in children. We included a considerable 
number of papers in this systematic review that claimed to have studied the validity or 
reproducibility of PWV devices. Unfortunately, the first finding was the poor reporting of 
the methods of the validity studies and of the reproducibility methods in these papers. 
This impairs comparing characteristics of these devices and combination of the results. 
Also, we found a lack of adequate validation studies in which the results of non-invasive 
PWV devices are compared with invasively measured PWV. And, although many studies 
have reported associations between PWV and mortality in adults, the devices used in these 
studies have an unknown reproducibility, concurrent validity, feasibility and responsiveness 
for longitudinal follow-up in children with ESRD. Therefore, based on the existing data, 
there is no simple answer to our research questions

Several issues deserve attention. Of all 23 devices that were identified to measure PWV, 
reports of validation by concurrent comparison with invasive measurements could only be 
retrieved for 5 devices. Concurrent validity with another PWV device was identified only 
for 11 devices. If all studies on devices that measure PWV are included in this review this 
means that only 48% (11/23) of these devices have been “validated” by comparison with 
another device, and only 22% (5/23) have been compared with an invasive measurement. 
The results of these validation studies suggest considerable differences between the 
non-invasive and invasive measurements, e.g. up to ± 2.8 m/s for the frequently used 
SphygmoCor, which would only be considered ‘acceptable accuracy’ according to the 
Artery Society[86]. The most likely reason for this lack of comparison studies with invasive 
measurements, is the difficulty of performing such invasive studies for research purposes 
only. Unlike other research areas in human medicine, such as coeliac disease, where the 
‘gold standard’ method (intestinal biopsy) is an invasive yet commonly performed method 
in clinical practice, invasive measurements of PWV are not performed for clinical purposes. 
For this review we searched for invasive measurements as ‘gold standard’ in concurrent 
validity studies because – to the best of our knowledge - no other PWV device is currently 
considered to be ‘gold standard’, i.e. the device to compare all other devices with. From 
the present study it appears that SphygmoCor and Complior are the most frequently used 
devices, yet, given the results on reproducibility, neither device can be considered ‘gold 
standard’.
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There are several methodological issues with the studies that have been done. First, 
results of studies on concurrent validity expressed as correlation coefficients when the 
results of both devices are expressed in the same unit, are not considered adequate[87]. 
Also, the methods by which reproducibility data were acquired were often not clearly 
presented and the technical terms that were used to present the results varied widely. 
Besides ICC, CV and LoA, also “Repeatability coefficient” and “intra- or inter-observer 
error” and other non-comparable terms were used to report reproducibility, which 
hampers pooling of the results. Finally, results presented such as “The reproducibility of 
the measurements ranges from 5-8%”[29], without any information on the number of 
observers or time between two measurements in the reproducibility study, are difficult 
to interpret. Reporting of ‘simple reproducibility outcomes’ like “mean difference” and 
“standard deviation” between repeated measurements in the same individual, as was 
done in 11 of the reproducibility studies (Table 4), would already be a great step forward. 
However, since these data are lacking in the majority of papers, and the anatomical 
pathways are different even within these 11 studies, no comparisons between devices 
can be made.

The appraisal of the included studies on responsiveness is difficult. None of the 
authors of the four papers in which some kind of change was reported used the term 
responsiveness, and one could argue which type of responsiveness, if at all, was reported 
in these papers[88]. They appeared to be more concerned with change than with 
responsiveness[89].

With regard to feasibility and suitability for use in children, the time period necessary for 
the performance of a measurement was poorly reported in adult studies and not reported 
in paediatric studies. Proportions of failed examinations or missing values were poorly 
reported as well, but could be identified in 5 paediatric studies (Table 2). ‘Unwillingness’ 
and ‘poor cooperation’ were important causes of missing values in children. Since these 
missing values were reported for only a few devices, we could not make a comparison 
between the devices.

A potential limitation of any systematic review is the risk of missing important articles 
due to limitations of the search strategy and selection criteria. Literature searches to 
identify clinimetric studies are known to be challenging[3]. The terminology that is used to 
report clinimetric data is not uniform, which may have led to undue exclusion of relevant 
articles. In this review we used a highly sensitive search strategy in the major databases, 
with a, subsequently, high false positive yield. To make sure no important studies were 
missed, we checked references of included articles. We believe that the chance of having 
missed an important study is small. Exclusion of ‘non-portable devices’ from our review, 
such as ultrasound, might also be seen as a limitation. However, the aim of our study was 
to identify portable devices with a favourable clinimetric and feasibility profile in children 
with ESRD to be used in a paediatric multicentre study with one investigator travelling 
between the centres, and studies on ultrasound devices were outside our scope. Also, the 
exclusion of studies concerned with the predictive validity of PWV measurements might be 
seen as a limitation. However, the identification of the most suitable measurement device 
was the aim of this review, and the predictive validity of the physiological concept of PWV 
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was considered too remote from evaluating the measurement methods themselves for 
inclusion in the review. 

Based on the evidence summarized in this systematic review no recommendations 
for clinical practice can be made. The best device to measure PWV in children cannot 
be identified based on current evidence. The proposals for adequate validation studies 
by the Artery Society presented in 2010[86] are welcome and timely and, in line with 
that proposal, we recognize an urgent need for clear reporting guidelines for clinimetric 
studies, comparable to CONSORT[90], or PRISMA[91], as assembled by the Equator 
network[92]. Based on our experience in this review we present a first proposal for a 
minimum set of items that need to be addressed in reports of clinimetric studies (Table 9). 
This proposal needs to undergo a formal process before it can be widely implemented in 
clinimetric research practice[93;94].

Table 9. Recommendations for a minimal set of items to be reported in studies evaluating 
clinimetric characteristics of measurement instruments

Information that needs to be reported

General information 
   Detailed description of the measurement device(s) and procedure(s)
   Study population (characteristics, such as health status, age, gender, etc.)
   Aim of the study, e.g. comparison between devices, investigation of reproducibility or 

responsiveness
   If concurrent validity is investigated: which device is considered the ‘gold standard’?
Design
   Detailed description of time between 2 consecutive measurements in one individual 

(e.g. 5 minutes, 1 hour, 5 days, 2 weeks)
   Detailed description of observers who perform the measurement
   Number of study participants 
   Number of observers
Statistical analysis
   Explanation of parameter(s), with reporting of the formula(s) used
   Abbreviations, such as ICC, CV, RC, and LoA must be explained in the Methods 

section of the paper
Results
   Report and explain missing values, if any

ICC = Intra Class Correlation Coefficient; CV = Coefficient of Variation; RC = Repeatability 
Coefficient; LoA = Limits of Agreement

conclusion
Devices to measure PWV have not been properly validated and their clinimetric properties 
are poorly reported, which hampers comparison and impairs the selection of the most 
suitable PWV device for paediatric populations. The best device to measure PWV in 
children cannot be identified based on the current evidence. Also, there is an urgent need 
for clear reporting guidelines for clinimetric studies.
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aBstract
Background. Carotid-femoral pulse wave velocity (PWVcf) is considered to be an important 
predictor of cardiovascular outcome in children with end-stage renal disease (ESRD). 
We studied the intra-observer reproducibility of the PWVcf measured by SphygmoCor in 
children with ESRD.

Methods. PWVcf was measured twice in 51 patients aged 6 -18 years with ESRD using 
applanation tonometry (SphygmoCor) by a single well-trained investigator during one 
visit. Intra-observer reproducibility was assessed by the Bland-Altman method. Limits of 
agreement (LoA), intraclass correlation coefficient (ICC), smallest detectable change (SDC) 
and coefficient of variation (CV) were calculated.

Results. Measurements in 48 children could be used for analysis. Mean PWVcf  in all 
measurements was 4.8 m/s, mean difference [95% Confidence Interval] between the 
repeated measurements was 0.16 [-0.01 - 0.32] m/s, the LoA were -0.91 - 1.23 m/s. 
Results were similar for children aged 6-10 years and for children aged 11-18 years. The 
ICC was 0.78, the SDC was 1.05 m/s and the CV was 5.8 %.

Conclusions. In individual children and adolescents changes in PWVcf smaller than 1.05 
m/s can not be distinguished from measurement error. Therefore the SphygmoCor device 
is not suitable to monitor changes in PWV over time in individual children with ESRD.
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introduction
Cardiovascular disease is the main cause of death in young patients with end-stage renal 
disease (ESRD) 1. Carotid-femoral pulse wave velocity (PWVcf) has been shown to be an 
early predictor of cardiovascular mortality in studies in adults with ESRD 2. In children with 
ESRD, PWV measurements are used for research purposes as an indicator for cardiovascular 
outcome 3-6. To our knowledge this technique is not used for clinical purposes in children 
yet.  A reliable tool for early detection of cardiovascular disease would be helpful in the 
clinical management of these children in order to reduce mortality.

PWVcf is measured non-invasively by applanation tonometry with the SphygmoCor 
device. This device is widely used, and reproducibility studies have been performed in 
adults 7;8. Recently, Frimodt-Møller et al 8 performed a reproducibility study with the 
SphygmoCor in adults with chronic kidney disease. The authors conclude that aortic PWV 
measurements with the SphygmoCor are reproducible in adults.

Until now, a careful investigation of the reproducibility of this device in children is 
missing. We hypothesize that the reproducibility in children may be lower than in adults. 
For a successful measurement the participant must be able to lie still during a 20-30 
minutes’ examination which might be a challenge for young children. Also, for anatomical 
reasons, the placement of the tonometer at site of the artery can be more difficult in 
children.

Good reproducibility of the measurement is important for correct interpretation of 
research data. Random measurement variation can be compensated for by increasing 
sample sizes in clinical research. In the clinical setting, however, erroneous measurements 
might distort clinical treatment decisions for individual patients with respect to prevention of 
adverse cardiovascular outcome. Therefore, we assessed the intra-observer reproducibility 
of the PWVcf measured by SphygmoCor in children with ESRD, and compared these results 
with those found in other studies.

MEthods

Participants
In this study, children with ESRD were included who were treated with renal replacement 
therapy (RRT) in any of the 9 hospitals involved in the RICH-Q (Renal Insufficiency 
therapy in CHildren – Quality assessment and improvement) project. ESRD is defined as 
the situation of chronic irreversible renal injury for which RRT is necessary. RICH-Q is 
a multicenter cohort study that started in 2007. By registering clinical, hemodynamic 
and blood chemistry data and peer reviewing the results the treating physicians aim to 
continuously improve the quality of care. As part of RICH-Q the cardiovascular morbidity 
in children with ESRD was assessed by measuring the PWVcf. The first 51 patients aged 6 
years or more who were included in the RICH-Q project, participated in this reproducibility 
study.
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Written informed consent was obtained from all participants and their parents and 
ethical approval has been given by the ethical review boards of all participating hospitals 
in the RICH-Q study.

Measurement of PWv
PWVcf was measured twice during one session using the SphygmoCor device (PWV 
Medical Sydney Australia). Prior to the measurements the participants took 10 minutes of 
rest lying supine. As part of the procedure blood pressure and heart rate were measured 
before start of the first PWVcf measurement with an automatic oscillometric device 
(Model MX3 Plus, Omron Matsusaka, Tokyo, Japan).  PWVcf was determined by sequential 
acquisition of pressure waves from the carotid and the femoral arteries by applanation 
tonometry (Millar Instruments, Houston, Texas). Wave transit time (t) was calculated by 
the system software, using the R-wave on the simultaneously recorded ECG as reference 
frame. The distance traveled by the pulse wave was measured in a straight line to reduce 
the influence of body contours. The carotid to femoral path length (D) was defined as 
the distance between the recording sites at the femoral artery to the suprasternal notch 
minus the distance form the recording site at the carotid artery to the suprasternal notch. 
PWVcf was calculated as D/t. PWVcf was measured over 10 consecutive heartbeats to 
cover a complete respiratory cycle. The measurement was repeated at the same occasion, 
immediately after the first measurement. The whole procedure took around 30 minutes, 
depending on the cooperation of the patient.

Quality control
To assure good quality of the measurements, the following rules, as described previously[8], 
were taken into account: 1) Visually acceptable pulse-waveforms and a mean pulse height 
above 80mV were required and 2) the standard deviation (SD) of the time differences 
between the ECG-signal and the signal from the recording sites over the 10 consecutive 
heartbeats should be less than 10% of the mean value 8.

statistical analysis
Bland-Altman plots were made to assess intra-observer reproducibility 9. In a Bland-Altman 
plot the difference between two measurements per patient is plotted against the mean of 
two measurements per patient. If differences are associated with mean values, a correction 
has to be applied. The 95% Confidence Interval (CI) of the mean difference should include 
zero to exclude systematic differences. The limits of agreement (LoA) (i.e. mean difference 
± two times the Standard Deviation of the differences per patient) indicate the range 
between successive measurements in a patient without real change. Only changes greater 
than the LoA can be interpreted as “real” change, not due to measurement error. To 
investigate if there was a difference in performance of the measurement instrument 
between younger children and adolescents two age subgroups (6 – 10 years and 11-18 
years) were analyzed separately.

Intraclass correlation coefficients (ICC), smallest detectable change (SDC) and 
coefficient of variation (CV) were calculated for comparison with earlier studies. These 
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studies used the same device in adults, or a similar device in children. The ICC is a measure 
of the reliability of a measurement instrument. It is calculated as a ratio of the variance of 
interest over the sum of the variance of interest plus error 10. ANOVA is used to calculate 
the variance components. The ICC was calculated according to the following formula: 11

          σ 2
p   σ 2

p = variance due to patients

ICC = ——————    σ 2
m = variance due to measurements

 σ 2
p + σ 2

m + σ 2
e  σ 2

e = error variance

     
The SDC can be calculated from the error variance as:

SDC = 1.96 * √2 * √ σ 2e  
12. It is comparable to the LoA, and denotes the smallest change 

in an individual that can be interpreted as a “real” change, above measurement error. 
The smallest detectable change of a group is inversely related to the size of the group, n, 
according to the following formula:

SDCgroup = SDC/√n.

The CV was calculated by the following formula:

 SDdiff= standard deviation of the mean difference between several measurements in one individual
CV =   —————————————————————————————————————

   grand mean = mean of all measurements in all individuals 

All analyses were performed using SPSS 16.2.

rEsults

Patients
51 children with ESRD, median (range) age 14 (6-18) years, 69 % male were included in 
this reproducibility study. 16 children were treated with maintenance hemodialysis, 8 with 
peritoneal dialysis and 27 had received a kidney transplantation during the year preceding 
the measurement.

PWvcf measurements
In three of the 51 patients the PWVcf values obtained by the SphygmoCor were rejected 
for quality control reasons as described earlier. Results of repeated measurements suitable 
for analysis were obtained in 48 patients, median (range) age 12 (6-18) years, 69 % male. 
The median (range) duration of ESRD was 1.8 (0 -14.1) years.

Median (range) PWVcf of the 48 subjects was 4.7 (2.9 – 6.7) m/s. Mean (SD) PWVcf was 
4.8 ± 0.8 m/s. The mean difference [95% CI] between the repeated measurements was 
0.16 [-0.01 - 0.32] m/s. The LoA were -0.91 - 1.23 m/s. The Bland-Altman plot is shown 
in Figure 1.
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In the subgroup aged 6 - 10 years (n=16) mean (SD) PWVcf was 4.4 ± 0.6 m/s.
The mean difference was 0.12 [-0.17 - 0.40] m/s, and the LoA were -0.95 - 1.19 m/s 

(Figure 2). The (SD) PWVcf in the subgroup aged 11 - 18 years (n=32) was 5.0 ± 0.8 m/s. 
The mean difference was 0.18 [-0.01 - 0.38] m/s and the LoA were -0.89 - 1.26 m/s 
(Figure 3).

The estimates of the variance components of the measurements are shown in Table 1. 
The ICC was 0.78. The SDC was 1.05 m/s, and the CV was 5.8 %.
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Figure 1. Bland Altman plot of 
repeated  SphygmoCor measure-
ments in all 48 ESRD patients.

Figure 2. Bland Altman plot of 
repeated  SphygmoCor measure-
ments in 16 ESRD patients aged 
6 - 10 years.
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Figure 3. Bland Altman plot of 
repeated SphygmoCor measure-
ments in 32 ESRD patients aged 
11 - 18 years.

Table 1. Estimates of the variance components of the measurements.

Variance component Estimate Percentage of total variance

σ 2
p 0.545 78

σ 2
m 0.010 2

σ 2
e 0.142 20

Total variance 0.697 100

σ 2
p: variance due to patients, σ 2

m: variance due to measurements, σ 2
e : error variance

discussion
In this reproducibility study we found that the SDC of the SphygmoCor in a pediatric 
population can be up to 1.05 m/s. This means that changes in an individual less than 
1.05 m/s cannot be distinguished from random error. In pediatric studies the range of 
measurement results is small, in this study including children with ESRD PWVcf ranged 
from 2.9 to 6.7 m/s. The expected change in PWVcf  over time in healthy children is 0.11 
m/s per year 13.  Consequently, a SDC of 1.05 m/s is too large to evaluate changes over 
time in individual children.

This does not mean that the SphygmoCor is unsuitable for use in clinical studies. The 
sample size can be increased so that the PWV change in the study population can be 
measured reliably. For instance in a study population of 100 or, alternatively, 441 children 
the SDCgroup is 0.11 m/s or 0.05 m/s, respectively. A mean change in PWVcf over time in 
a study population of this size can be considered “real change”, not due to random 
measurement variation, if it is larger than the SDC.

We compared the results of our study with data on reproducibility in childhood 
conditions reported in other studies (Table 2). We found only 5 papers on ESRD 3;5;6;13;14. 
They report CV, ‘intra-observer variability’, ‘intra-observer reproducibility’ and ‘intra-
observer error’, respectively. How these last three terms were defined is not clear. For 
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Table 2. Comparison reproducibility studies in children.

Reference
Device / 
technique

Condition
n

Age range
(years)

PWV (m/s)
Mean or Median

SDC
(m/s)

ICC CV 
(%) Other 

Present study SphygmoCor
Applanation tonometry

ESRD 48 6-18 4.8 ± 0.8*
4.7 (2.9-6.7)**

1.05 0.78 5.8

Aoun 2010 SphygmoCor
Applanation tonometry

ESRD 15 11.1±4.8* (hemodialysis)
12.9±7.4* 

(renal transplantation)

6.1 ± 1.3*
(hemodialysis)

6.5 ± 1.4*
(renal transplantation)

- - - ‘Intra-observer variability’ <5%

Cseprekal 
2009 & Reusz 
2010

PulsePen
Applanation tonometry

ESRD / 
Healthy

188 6.5-19.9 4.93 (4.81-5.05)*** 
(healthy)

1.12# - 5.7

Shroff 2007 Applanation tonometry
Micromanometer SPC-301

Dialysis / 
Healthy

125 5-18 7.14± 1.2* (dialysis) - - - ‘Intra-observer reproducibility’ 
0.11 and 0.23 m/s

Covic 2006 SphygmoCor
Applanation tonometry

10 ESRD /
10 Healthy

20 4.1 ± 2.6*
12.7 ± 3*

6.6 ± 1.0*
5.4 ± 0.6*

- - - ‘Intra-observer error’ <1.2%

SDC: Smallest Detectable Change;  ICC: Intraclass Correlation Coefficient;  CV: Coefficient 
of Variation *Mean ± SD;  **Median (Range);  ***Mean (Range);  #Calculated from 
reported mean and CV

the clinical interpretation of the reproducibility of a device’s measurements the LoA of 
Bland and Altman or the SDC give more insight 15. We tried to estimate the LoA from the 
reported data in these studies. If the grand mean and CV are presented for reproducibility 
studies, the SDdiff can be calculated, and the LoA are estimated as ± 2 SDdiff, assuming a 
mean difference between repeated measurements of 0. Using this approach the LoA in 
the study by Cseprekal et al.3 could be estimated as ± 1.12 m/s, which is comparable with 
our data. Covic et al. 5, Shroff et al. 6 and Aoun et al. 14 did not report the data needed 
for this calculation.

We also compared the results of our study to reproducibility studies with the 
SphygmoCor in adults. Wilkinson et al. reported LoA of ± 2.3 m/s 7 and Frimodt-Møller et 
al. reported intra-observer LoA varying from  ± 2.4 m/s to ± 3.9 m/s, for a more and less 
experienced observer, respectively 8. In a recent study comparing the reproducibility of the 
SphygmoCor with that of a new device called the Vicorder, van Leeuwen et al. reported 
LoA of  ± 1.62 m/s and ± 4.48 m/s, respectively 16. Although mean PWVcf values in adults 
are generally higher than in children, e.g. Frimodt-Møller reports a mean ± SD PWVcf value 
of 9.9 ± 3.3 m/s 8, it appears that, also in adult studies, the size of this measurement error 
is very large.

In a reproducibility study all factors are kept constant to estimate the measurement error 
specifically. This is why we performed all measurements during one visit, immediately after 
each other, under stable conditions to make sure that none of the possible determinants 
of PWV in children with ESRD would be changed between the measurements. All data 
were generated with the use of 1 device, which was carefully checked and installed before 
the study to make sure no measurement errors could be due to technical problems of the 
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device. The observer was thoroughly trained and had substantial experience with these 
measurements, which may explain the favorable results compared to other studies 8. 

We did not evaluate the inter-observer reproducibility. Yet, when intra-observer 
reproducibility is low, inter-observer reproducibility can be expected to be even lower. 
We expected that the reproducibility in the youngest children would be lower due to 
anatomical reasons and because the participant must be able to lie still during the 
examination. However, the age sub-group results do not confirm the existence of an 
age-related difference in measurement error. Our study was conducted in chronically ill 
children. The procedure and measurements might be easier in healthy children and as a 
result the reproducibility might be better.

In conclusion, the SphygmoCor device may be useful for longitudinal or comparative 
studies including sufficiently large groups of patients, but it is not suitable to monitor 
PWVcf changes over time in individual children with ESRD because the reproducibility is 
insufficient. 
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aBstract
Background. Measurements of the carotid-femoral pulse wave velocity (PWVcf) by 
applanation tonometry as used by the SphygmoCor are used in adults to assess arterial 
stiffness. In young children, however, this method is difficult to perform. Therefore, 
techniques are needed that are less dependent on patient compliance. The Vicorder 
device uses the oscillometric technique to measure the PWVcf. This automatic method is 
thought to be easier to use, less time consuming and less dependent on operator skills.

Aim. The aim of this study was to compare the PWVcf measured by an extensively used 
device (SphygmoCor) and the Vicorder.

Methods. 38 healthy volunteers (20 men, mean age 48 ± 13.1 years) participated in 
this cross-sectional study. The PWVcf was assessed twice by both the SphygmoCor and 
the Vicorder by a single investigator during one visit. Intra-rater reproducibility of each 
instrument and comparison between the two instruments were assessed by the Bland-
Altman method.

Results. The mean difference [95% Confidence Interval] between repeated measurements 
was 0.09 [-0.20 – 0.38] m/s and 0.24 [-0.55 – 1.03] m/s, for the SphygmoCor and Vicorder, 
respectively. The Limits of Agreement were -1.53 – 1.71 m/s and -4.24 – 4.72 m/s, for the 
SphygmoCor and Vicorder, respectively. The PWVcf measured by the Vicorder was 0.58 
[-0.20 – 1.35] m/s higher than the PWVcf measured by the SphygmoCor. The Limits of 
Agreement between the two instruments were -3.50 – 4.66 m/s.

Conclusions. The Limits of Agreement of the Vicorder PWVcf measurements are 
considered too wide for using this technique reliably in adults or in children.
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introduction
Carotid-femoral PWV (PWV cf) is nowadays considered the ‘gold-standard’ indicator 
of arterial stiffness [1]. PWV cf has been demonstrated to be a strong predictor of 
cardiovascular mortality in various patient populations, especially in patients with End 
Stage Renal Disease (ESRD) [2]. In children and young adults with ESRD the mortality is 
mainly due to cardiovascular disease [3]. Therefore, PWV cf measurement might be a valid 
indicator of the extent of vascular damage in this patient group and could be used to 
identify patients at higher risk of cardiovascular disease.

Although measuring the PWV over the carotid-femoral trajectory has been considered 
the gold standard in a recent guideline [1], there is no consensus about which measurement 
method is the most valid and reliable [4]. Therefore, various non-invasive techniques 
have been used like computerized oscillometry [5], tonometry [6], ultrasound [7, 8] and 
methods using mechanotransducers[9].

The SphygmoCor is an instrument using applanation tonometry that has been 
extensively used, is easily performed in adults and has a fair reproducibility [10, 11]. 
However, we noticed that in young children the measurements by the SphygmoCor are 
often difficult to carry out as they are time consuming and require some degree of patient 
cooperation. Therefore we searched for a new device that is better applicable in children.

The Vicorder is a new automatic device that was originally used to measure differences 
in blood pressure like the ankle-brachial index [12]. It has been adapted to measure the 
PWVcf   by adding a neck pad which is placed over the carotid artery. The Vicorder uses the 
oscillometric technique to measure the PWVcf, through the inflation of this neck pad and 
a cuff around the thigh. It is presented as a simple and quick non-invasive method which 
is little dependent on operator skills and experience [13].

Before investigating the clinimetric properties of the Vicorder in children, we decided 
to test the validity of the instrument in adults. To this purpose, we compared the Vicorder 
with the SphygmoCor in a group of adults in an ongoing study. The precise aims of the 
current study are the following:
 » to compare the test-retest reproducibility of the PWVcf measurements with the Sphyg-

moCor and the Vicorder; and
 » to investigate the comparability of the PWVcf measurements with both instruments.

MEthods

Participants
The HORCIA study is a single centre cohort study to detect late sequelae of radio- and 
chemotherapy in survivors of Hodgkin lymphoma. To detect preclinical markers of 
cardiovascular disease, PWVcf measurements with the SphygmoCor are performed in all 
patients. Forty spouses of the patients were randomly selected and asked to participate as 
control subjects. These control subjects also underwent PWVcf measurements in order to 
have reference values for their spouses. These volunteers were invited to participate in the 
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present cross-sectional study. Ethical approval has been given by the Institutional Review 
Board of the St. Antonius hospital in Nieuwegein. 

technique
All participants were measured twice with both devices during a single visit. The 
measurements were performed as described in the manual of each device. Prior to the 
measurements the participants took 10 minutes of rest lying supine in a quiet room. Blood 
pressure (BP) was measured before each PWVcf measurement. The BP was measured using 
an automatic oscillometric device (Model MX3 Plus, Omron Matsusaka, Tokyo, Japan). 
All measurements were done by one researcher in the same room. The order of PWVcf 
measurements was as follows: Vicorder1, SphygmoCor1, SphygmoCor2 and Vicorder2. 

sphygmocor
The SphygmoCor (Model SCOR-Px, Software version, 7.01, AtCor Medical Pvt. Ltd, Sydney, 
Australia) uses a single high-fidelity tonometric Millar transducer. To determine the PWVcf, 
the pulse wave is recorded sequentially at the femoral artery and at the carotid artery by 
the transducer. A simultaneously recorded electrocardiogram (ECG) is used as a reference 
to calculate wave transit time. Transit time between carotid and femoral pressure waves 
is calculated using the ‘foot-to-foot’ method. Wave ‘feet’ are identified using intersecting 
tangent algorithms.  Two surface distances are measured by the investigator: between 
the recording point at the carotid artery and the sternal notch (distance 1) and between 
the sternal notch and the recording point at the femoral artery (distance 2). The distance 
travelled by the pulse wave (DPW) is calculated by the SphygmoCor as (distance 2) - 
(distance 1). The PWVcf is then calculated as PWVcf = DPW (m) / transit time (s).

vicorder
The Vicorder (Skidmore Medical Limited, Bristol, United Kingdom) is a new device that 
received FDA approval on December 20th 2007 [12]. The Vicorder simultaneously records 
the pulse wave from the carotid and femoral site by using the oscillometric method. First 
a neck pad which is only inflatable over several centimetres is placed around patient’s 
neck. This pressure pad is applied over the right carotid artery to prevent compression 
of the trachea and compression of both carotid arteries at the same time. Next a cuff 
is placed around patient’s upper right thigh. Both carotid and femoral cuffs are inflated 
automatically to 65mmHg and the corresponding oscillometric signal from each cuff is 
digitally analyzed to extract, in real time, the pulse time delay. After acquiring several 
steady pulses the investigator “freezes” the recording on the display and the Transit Time 
in milliseconds is presented. DPW is measured as follows: DPW = the distance between 
the upper edge of the femoral cuff and sternal notch minus the distance between the 
lower edge of the carotid cuff and sternal notch. This value is entered into the computer 
and the Vicorder software computes the PWVcf.
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statistics
For the intra-rater reproducibility Bland-Altman plots were used [14]. Intraclass Correlation 
Coefficients (ICC) and Coefficients of Variation (CV) were calculated as well, as previously 
described by others [15]. The measurement results of the two devices were compared by 
Bland-Altman plots. In a Bland-Altman plot the differences between two measurements 
per patient are plotted against the means of two measurements per patient. If differences 
are associated with mean values, a correction has to be applied. The 95% Confidence 
Interval of the mean difference should include zero to exclude systematic differences. 
The Limits of Agreement (LoA) (± two times the Standard Deviation of the differences per 
patient) indicate the range between successive measurements in a subject without real 
change. Only changes greater than the LoA can be interpreted as “real” change, not due 
to measurement error. All analyses were performed using SPSS 16.2. P-values smaller than 
0.05 were considered statistically significant.

rEsults
Of the 40 invited subjects 38 were willing to participate. Two female subjects did 
not participate for practical reasons not related to the study. Table 1 summarizes the 
characteristics of the study group.

Useful results of repeated measurements were obtained in a total of 30 subjects. In 
three subjects the PWVcf values obtained by the SphygmoCor were rejected because of 
quality control reasons as described elsewhere [11]. One or both Vicorder recordings were 
missing in five patients for various reasons, mainly because they were not saved properly. 

The mean difference [95% Confidence Interval] between repeated measurements 
was 0.09 [-0.20 – 0.38] m/s and 0.24 [-0.55 – 1.03] m/s, for the SphygmoCor and 
Vicorder, respectively. This means that neither of these differences was statistically 
significant different from 0. The LoA were -1.53 – 1.71 m/s and -4.24 – 4.72 m/s, for 
the SphygmoCor and Vicorder, respectively (Fig.1 and Fig.2). The ICC was 0.76 and 0.54 
for the SphygmoCor and the Vicorder, respectively. The CV was 9% and 22% for the 
SphygmoCor and the Vicorder, respectively.

Table 1. Demographic characteristics of the study group (n=38).

Characteristics Mean SD 

Male* 20 52.6
Age (years) 48.0 13.1
Weight (kg) 82.5 12.9
Height (cm) 178.3 8.2
BMI (kg/m2) 25.9 3.3
Heart rate (bpm) 60.2 10.2
Systolic BP (mmHg) 127.9 16.8
Diastolic BP (mmHg) 76.3 9.3

* Expressed as n and %
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The PWVcf measured by the Vicorder was 0.58 [-0.20 – 1.35] m/s higher than the 
PWVcf measured by the SphygmoCor, i.e. not statistically significant different. The LoA 
between the two instruments were -3.50 – 4.66 m/s (Fig.3). 

Fig 1.Intra-rater reproducibility Sphygmocor

Fig 2.Intra-rater reproducibility Vicorder

Figure 1. Intra-rater reproducibility Sphygmocor.

Figure 2. Intra-rater reproducibility Vicorder.
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discussion
The main finding of our study is that the measurement error of both the SphygmoCor 
and the Vicorder exceeds a value of 1.5 m/s. This measurement error indicates that 
changes in an individual less than 1.5 m/s cannot be determined reliably. Although there 
is no consensus about the size of a minimal clinically relevant difference, the size of this 
measurement error is larger than what we would consider clinically relevant. The LoA for 
the Vicorder were much wider than for the SphygmoCor, indicating that the reproducibility 
of the Vicorder is by far inferior.

The LoA we have found for the PWVcf  measured by the SphygmoCor are better 
than those reported by Wilkinson (-2.27– 2.41 m/s) in a group of 10 healthy subjects, 
8 hypertensive and 6 hypercholesterolemic patients [10]. Also the CV for the PWVcf  
measured by the SphygmoCor was in line with values found by others [16]: 13% vs 9% 
in our study. 

SphygmoCor uses the systolic upstroke to detect the pressure wave. Oscillometric 
devices (Vicorder) detect the moment of maximal pressure. The moment of maximal 
pressure during the pressure wave can differ from site to site. The systolic upstroke is 
amplified towards the periphery. At peripheral measurement sites as the brachial artery 
or the femoral artery the maximal pressure excursion will occur early in systole. In central 
arteries like the aorta and the carotid artery reflected pressure waves may cause the maximal 
pressure to occur late during systole. Pressure wave reflections vary from person to person 
and also from moment to moment. The fact that the maximal pressure occurs early during 
systole at the femoral artery, and at a later moment in the pressure cycle at the carotid 
artery, theoretically results in the calculation of a higher PWV. This is in agreement with 
our observation that we derived a PWV with Vicorder which was, on average, higher than 

Fig 3.Comparison Vicorder and SphygmoCor
Figure 3. Comparison Vicorder and SphygmoCor.
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the PWV calculated with SphygmoCor. The variability in the moment of maximal pressure 
excursions caused by variations in reflected pressures might in part explain the differences 
between PWV as calculated with both techniques. A technique which uses the systolic 
upstroke (SphygmoCor) is not hampered by variations in pressure later during the pressure 
cycle, and might thus be expected to show a better reproducibility. This is in agreement 
with our observations.  

As far as we know, this is the first study published using the Vicorder with the neck 
pad. We believe that the wide LoA values are due to the cuff used at the carotid site. The 
pulse wave recorded at this site was frequently not accurate, with numerous artifacts 
being recorded, and irregular shapes of the PWV cf. These might have altered the PWVcf 
  calculations by the Vicorder. We think this is the cause of the inaccurate measurements 
because the pulse waves recorded at the femoral site had in almost all cases the expected 
regular shape. Unlike the other cuffs used by the Vicorder, the carotid cuff is not inflatable 
all around the neck, but just for a few centimeters, to be applied over the right carotid 
artery. It is possible that this adaptation of the carotid cuff is the cause of the inaccurate 
measurements because only locally inflating the pad to 65 mmHg may not be enough to 
exclude other oscillating movements by veins, other arteries than the carotid artery, muscles 
or air from the trachea. These artifacts are being recorded by the cuff and transmitted 
to the software, giving rise to additional curves besides the carotid artery pulse wave. 
However, the Vicorder does not provide any information to the user on which of these 
oscillometric curves are used for calculation of the PWV cf and which are recognized as 
artifacts and excluded. This information is provided by the SphygmoCor software which 
marks in red the curves which are inaccurate and have not been used for analysis.

We became aware of this flaw already at the beginning of the recordings and have tried 
several ways to reduce the amount of artifacts. We instructed the patients to lie absolutely 
still, to take a deep breath, exhale and hold their breath while the recordings were made; 
we tried positioning the head in such way that the neck muscles were completely relaxed, 
but unfortunately none of these adjustments improved the recordings. 

The lack of experience or previous descriptions of the use of the Vicorder may have 
contributed to the results of the current study. However, we have followed the instructions 
in the Vicorder manual and those provided on site by a representative of the manufacturer 
[13]. Furthermore, for five patients, one or two Vicorder recordings were not available, 
most because of faults in saving the data. This probably did not alter the results of the 
study, because the available recordings of the remaining 33 subjects were consistent in 
showing multiple artifacts.

We conclude that the Vicorder, although it may be useful for many other applications, 
is not suited for accurate measurements of the PWV cf adults or probably in children. 
Before further research can be initiated with this device, we recommend the manufacturer 
to improve the neck pad and/or provide more detailed user information to solve the 
problems we encountered.
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aBstract
Background. The low prevalence of childhood End-Stage Renal Disease and the small 
centre sizes have been a barrier for clinical studies and the development of evidence based 
guidelines for chronic Renal Replacement Therapy (cRRT) in children. Few data exist on 
the quality of care for these patients and the applicability of existing guidelines. The aim 
of this study is to quantify variation in treatment policies and actually delivered care in 9 
centres that deliver cRRT for children.

Methods. We surveyed treatment policies in all 9 centres in the Netherlands and Belgium 
and compared them with the actually provided therapies and with recommendations from 
available guidelines. Data on treatment policies were gathered by questionnaires; actually 
provided care and outcomes were registered prospectively from 2007 to 2010. 

Results. Data on policies and actual patient care were obtained from all 9 centres. We 
found relevant differences between centres in treatment policies on various topics, e.g. 
estimated Glomerular Filtration Rate treshold as indication for initiation of cRRT, preferred 
initial mode of cRRT, peritoneal dialysis catheter care, haemodialysis frequency, and vascular 
access. Discrepancies were seen between stated treatment policies and actual performed 
therapies. For the majority of policies no evidence based guidelines are available. 

Conclusions. Health care disparities exist due to large and unwanted variation in treatment 
policies between hospitals providing cRRT for children. Delivered care does not live up to 
stated policies, for which clear and internationally accepted guidelines are lacking.
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introduction
End-Stage Renal Disease (ESRD) in children is a rare but serious disorder1;2. In the western 
world, the yearly incidence rate of ESRD in patients younger than 19 years of age is 
about 6-8 per million age related population3. On an age related population of 3.9 million 
people in the Netherlands4 and 2.5 million in Belgium5, this implies that there are about 
30 new patients per year in the Netherlands and 20 in Belgium. In order to maintain 
acceptable travel distances to the dialysis centre, patients can choose between several, 
and consequently all very small, dialysis centres, of which there are 4 in the Netherlands 
and 5 in Belgium. The low prevalence of childhood ESRD and the overall small centre 
sizes both have been a barrier for large clinical studies and the development of evidence 
based guidelines for treatment of children with ESRD worldwide. The RICH-Q study 
(Renal Insufficiency in Children-Quality assessment and improvement)6 started in 2007 
as a collaborative initiative of all Dutch and Belgian centres for paediatric chronic Renal 
Replacement Therapy (cRRT). It aims to improve the quality of care (QoC) for children with 
ESRD by peer review and plenary discussion of prospectively recorded data on treatment 
characteristics and physical and psychosocial health outcomes applying the latest scientific 
evidence and guidelines on cRRT in children. 

In this paper, we describe treatment policies for children with ESRD on dialysis in 
all treatment centres in the Netherlands and Belgium at the onset of RICH-Q and we 
compare stated treatment policies with currently available guidelines and with the actually 
performed care between 2007 and 2010. 

MatErials and MEthods
In this study, information was obtained from three sources. A survey was conducted on 
management policies, a literature search was performed to identify guidelines, and clinical 
data were collected prospectively as part of the RICH-Q project. Each of the three methods 
of data-collection are described in detail below.

survey on treatment policies
At the start of RICH-Q in 2007 we asked one paediatric nephrologist per participating 
centre to complete a questionnaire on treatment policies. The questionnaire was developed 
with input from all participating paediatric nephrologists, to ensure content validity. The 
questionnaire included 30 questions on 16 topics (Table 1) divided in 4 main sections, i.e. 
initiation of cRRT and peritoneal dialysis (PD) policies and haemodialysis (HD) policies and 
paramedical care.

literature search
Existing guidelines were identified by a comprehensive search in PubMed and websites 
of organizations known to produce guidelines for patients with ESRD (KDIGO7, KDOQI8, 
CARI9, UK Renal Association10, CSN Canada11, Renal Physicians Association12, ISPD13 and 
EBPG14). 
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Table 1. Overview of topics and items of the questionnaire on treatment policies

Topics Items

Initiation of cRRT
Estimated Glomerular 
Filtration Rate at start cRRT

eGFR at which cRRT initiation should be considered, in the 
absence of signs of uremia and/or growth failure and/or 
malnutrition 

Reasons to start cRRT Reasons to start cRRT 
Choice of cRRT modality Preferred type of cRRT to start with 

Preferred second choice of cRRT if first choice is not 
available

Peritoneal Dialysis (PD)
PD types Types of PD used (Continuous Cyclic PD / Continuous 

Ambulatory PD)
Adequacy tests Calculation of kt/V for PD patients

Performance of Peritoneum Equilibrium - / Standard 
Permeability Tests
Intra-abdominal pressure measurements

Consultation Frequency of consultation in the outpatient clinic
PD catheter care Mupirocin prophylaxis yes / no

Swimming yes/no
Bath or shower

Hemodialyis (HD)
Home hemodialyis Possibility yes/no

Number of children treated with home-HD
Overnight hemodialysis (in 
centre)

Possibility yes/no
Number of children treated with overnight centre HD

Adequacy measurements Calculation of kt/V for HD patients
Frequency of HD Frequency and duration of HD sessions at start cRRT in 

children < 3 years
Frequency and duration of HD sessions at start cRRT in 
children 3-12 years

Policy for preservation of 
vasculature upper extremity 
for future vascular access

Policy present or not

ArterioVenous Fistula (AVF) Time between AVF-creation and (scheduled) start HD
Type of surgeon who creates AVF
Minumum age for AVF creation
Monitoring of AVF function

Central venous catheters Type of surgeon who performs surgery
Preferred type of catheter
Preferred catheter lock solution

Paramedical care
Medical personnel in the 
dialysis centre

Paediatric nephrologist or adult nephrologist
Type of nurses: Specialized (paediatric) dialysis nurses

Composition of paramedical 
team 

Social worker, dietician, psychologist, hospital teachers

108



6

clinical data collection in the rich-Q project.
In RICH-Q, anonymous data on treatment characteristics and physical and psychosocial 
health outcomes are registered prospectively concerning all children with ESRD treated in 
1 of the 9 hospitals in the Netherlands and Belgium that provide cRRT for children. In the 
RICH-Q registry we included (1) all prevalent Dutch and Belgian patients aged < 19 years 
on chronic dialysis on September 1st 2007, and (2) all Dutch and Belgian patients aged < 
19 years who started cRRT or were transplanted from September 1st, 2007 to date. We 
obtained ethical approval from the ethical boards of all participating hospitals and written 
Informed Consent from all participants or their parents. Online data extraction forms (DEF) 
are filled in for each included patient four times a year. An independent research institute 
(the Hans Mak Institute15) checks these data for missing values and irregularities and 
assures the quality of the data by monitoring 20% of all completed DEFs.

The clinical data from the RICH-Q database that we used in this paper were data 
concerning initiation of cRRT, PD catheter management and HD frequency. For the 
initiation of cRRT the following variables were used: date, age, treatment modality, height 
and creatinine at initiation of cRRT and reason for initiation of cRRT (indicated by the 
health care professional). For the calculation of the estimated Glomerular Filtration Rate 
(eGFR) at initiation of cRRT we used the original Schwartz equation: GFR (ml/min/1.73m2) 
= k (Height in cm) / serum creatinine in mg/dl), with k being an age-dependent variable16. 
For the section on PD catheter management we used data on type of PD-catheter, number 
of cuffs, exit site direction, use of mupirocin prophylaxis and number of peritonitis. For 
the section on HD frequency we used data on HD prescription; number and duration of 
dialysis sessions per week. 

Descriptive statistics are used to report the results. 

rEsults
We received completed questionnaires from all participating centres. In panel 1 all existing 
guidelines with recommendations on the topics chosen by the paediatric nephrologists 
on initiation of cRRT are presented17-20. Guidelines with recommendations on topics 
concerning PD19-21 and concerning HD22;23 are presented in panels 2 and 3, respectively. 

Panel 4 shows the guidelines with recommendations on topics concerning paramedical 
care 18;20;22;24. Between September 1st 2007 and December 1st 2010, 201 children with 
ESRD were included of whom 59 % were boys. The first mode of cRRT at initiation of 
therapy was HD in 38%, PD in 38% and pre-emptive transplantation (pTx) in 24%. Median 
[range] age at inclusion of the study was 10 [0-18] years and median [range] duration of 
renal replacement therapy (cRRT) 11 [0-209] months; 107 patients (53 %) were prevalent 
patients on dialysis at the start of RICH-Q. 

initiation of chronic renal replacement therapy
Both the stated policies of the participating centres and the available guidelines showed 
variations with respect to the recommended lower limit of the eGFR at which cRRT should 
be initiated. Table 2 shows the stated policies with respect to the lower limit of eGFR for 
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Panel 1. Guidelines about the initiation of Renal Replacement Therapy (cRRT)

Guideline

e GFR1 at which 
cRRT initiation 
should be 
considered.  Exceptions GFR start Choice of cRRT modality

KDOQI  
HD 
200616

< 15 “…GFR > 15 if clinical 
course is complicated by 
the presence of signs and 
symptoms listed in table 
as well as malnutrition or 
growth failure”

no clear recommendation, 
no discussion

KDOQI  
PD 
200617

<8 
9-14 “consider”

“…or start earlier when 
malnutrition, fluid overload, 
hypertension, hyperkalemia, 
hyperphosphataemia, 
acidosis, growth failure or 
neurological consequences of 
uremia”

no clear recommendation 
“Choice of cRRT depends 
on variety of factors, e.g. 
patient / family choice, size, 
medical comorbidities, family 
support”

White, 
200618

< 10 “…and / or signs of uremia 
and growth failure”

no clear recommendation, 
no discussion

Watson, 
200119

10-15 “Unless the child remains 
asymptomatic and growth is 
well maintained”

no clear recommendation
“Patient and family should 
be involved in choice”

1 eGFR = estimated Glomerular Filtration Rate in mL/min/1.73 m2

initiation of cRRT in comparison with the actual median eGFR at onset of cRRT. Centre 
policies varied between a recommended lower eGFR limit of 15 and 10 ml/min/1.73m2. In 
contrast, the median eGFR levels at which patients actually started with cRRT were almost 
equal for all centres. Both policies and guidelines agreed to start cRRT at an eGFR < 15 ml/
min/1.73m2. However, in 22 % (37/166) of patients cRRT was started at an eGFR above 
15 ml/min/1.73m2 and in 11% (18/166) even at an eGFR above 20 ml/min/1.73m2. Pre-
emptive transplantations were performed at a median (range) eGFR of 14.0 (0-28.5) ml/
min/1.73m2, compared to a median (range) of 10.6 (0-29.9) for starting dialysis (p=0,011). 

Reasons for initiation of cRRT in these specific cases are presented in Table 3. All centres 
reported pre-emptive transplantation (pTx) as the preferred mode of cRRT at initiation of 
cRRT in a child above 3 years old, but this could only be realized in 23% (32/138) of the 
patients. No clear recommendation on this choice was found in the guidelines. If pTx was 
impossible, stated policies of hospitals varied between PD and HD as a second choice. The 
actually performed first mode of cRRT if pTx was impossible, differed from these stated 
policies in 27% (29/106) of patients (Table 4).

Peritoneal dialysis
All centres preferred Continuous Cyclic Peritoneal Dialysis over Continuous Ambulatory 
Peritoneal Dialysis in children. Intra-abdominal pressure measurements were routinely 
performed in 7/9 centres, adequacy measurement, by calculating Kt/V in 6/9 centres. 
Topics that did not vary between centres were frequency of consultation (once per month, 
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Panel 3. Guidelines for hemodialysis.

Guideline
Frequency and duration 
of dialysis sessions Vascular access

Fischbach, 
200521

“Dialysis session, 
prescription and 
monitoring: individual 
prescription is required: 
babies/infants/children 
and assessment and 
adjustment is needed 
regularly in small/
growing children”

No clear recommendation, no discussion

KDOQI 
Vascular 
access 
paediatric 
patients 
200622

- “Permanent access in the form of a fistula or graft 
is the preferred form of vascular access for most 
paediatric patients on maintenance HD therapy”
“Circumstances in which a central venous catheter 
may be acceptable for paediatric longterm 
access include lack of surgical expertise to place 
permanent vascular access in small children, 
patient size too small to support a permanent 
vascular access, bridging HD for PD training or PD 
catheter removal for peritonitis, and expectation 
of expeditious kidney transplantation”
“If surgical expertise to place permanent access 
does not exist in the patient’s paediatric setting, 
efforts should be made to consult vascular access 
expertise among local adult-oriented surgeons 
to either supervise or place permanent vascular 
access in children”
“An AVG stenosis surveillance protocol should be 
established to detect venous anastomosis stenosis 
and direct patients for surgical revision or PTA”

which is also the recommended frequency in the KDOQI guideline) and performances 
of Peritoneum Equilibrium Tests or Standard Permeability Analysis tests (performed in all 
centres, conform the KDOQI guidelines, once or twice per year). We found differences 
in treatment policies and actual performed therapies concerning PD catheter care and 
prevention of peritonitis (Table 5). In summary, mupirocin prophylaxis, applied at the exit 
site, was included in standard treatment in 3 of 9 centres only and double cuff catheters 
were used in 69 % (66/95) of all PD patients above 3 kilograms. The direction of the 
exit-site of catheters points downwards in 27% (26/95) of all catheters. The peritonitis 
incidence rate varied from 0 to 2.26 per patient year per centre, but the numbers were 
too small to detect meaningful differences between centres.

haemodialysis
Haemodialysis was offered in all centres in the Netherlands and Belgium, but in 2 centres 
it was only performed if PD was absolutely contra-indicated or impossible. Three Dutch 
centres offered home haemodialysis and 1 Belgian centre overnight centre haemodialysis. 
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Table 2. Estimated Glomerular Filtration Rate (eGFR) at start of chronic Renal Replacement 
Therapy (cRRT).

Reported policy Registry data 

Centre eGFR at start cRRT
(mL/min/1.73 m2)

eGFR at start cRRT
Median [range]

(n=166)*
Patients that met reported policy / 
all patients that started cRRT (%)

1 < 10 10.4 [7.2 – 25.1] 10/25 (40)
2 < 10 9.4 [2.6 – 28.5] 15/27 (56)
3 < 10 11.8 [5.16 – 24.2] 10/31 (32)
4 < 10 12.9 [5.1 – 32.0] 7/16 (44)
5 < 15 11.0 [8.5 – 25.1] 5/6 (83)
6 < 15 11.8 [2.8 – 21.3] 23/28 (82)
7 < 15 10.2 [9.1 – 26.3] 4/6 (67)
8 < 15 12.3 [5.7 – 21.9] 11/15 (73)
9 never starts solely 

based on eGFR
11.8 [5.2 – 23.7] 8/12 (67)

*Data to calculate eGFR (age, height and serum creatinine at start cRRT) were available for 
166 patients that started cRRT between January 2007 and December 1st 2010.

Panel 4. Guidelines for paramedical care.

Guideline Recommendation

KDOQI PD adequacy 200617 “…all disciplines involved in the care for the paediatric 
PD patient, including physicians, nurses, social workers, 
dietitians, play therapists, psychologists and teachers.”

Watson, 200119 “The multidisciplinary team provides support for the 
child and family during training and should include a 
nephrologist, a renal nurse, a renal dietitian, and a renal 
social worker. Other staff that may be involved include 
play staff, school teachers, psychologists/psychiatrists and 
youth workers.”

Fischbach, 200521 “Hemodialysis should be delivered in a “paediatric” 
dialysis centre with a multidisciplinary support team which 
supports individualized and integrated therapy.”

Coleman, 201023 “As part of the overall nutritional assessment it is essential 
for the dietitian, as a key member of the multidisciplinary 
team, to become familiar with each child’s psychosocial 
environment.”

Between 2007 and 2010, 93% of HD patients were treated in the dialysis unit during 
daytime (66 of 71 HD patients at baseline); 3 patients (4%) were treated overnight in 
the dialysis unit and 2 patients (3%) were treated with home haemodialysis. The policies 
with respect to recommended frequency of dialysis varied per centre and ranged from 
3-7 sessions per week. Actually applied frequencies of dialysis varied from 2 to 7 dialysis 
sessions per week (Table 6). In 6/9 centres there was an explicit policy to preserve the 
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Table 4. First mode of Renal Replacement Therapy (cRRT) in children of 3 years and older 
that started cRRT between January 2007 and December 1st 2010.

Centre 

Reported policy Patient registry (n=138)

Mode of 
first choice 

If Tx is not 
possible

First mode of cRRT Adherence to own policy (%)

Tx*     HD PD First mode If Tx is not possible

1 TX PD 7 5 12 7/24                  (29) 12/17 (71)
2 TX HD 4 4 11 4/19 (21) 4/15 (27)
3 TX HD 7 13 6 7/26 (27) 13/19 (68)
4 TX HD 2 10 2 2/14 (14) 10/12 (83)
5 TX PD 1 1 3 1/5 (20) 3/4 (75)
6 TX PD/HD 6 10 8 6/24 (25) 18/18 (100)
7 TX PD 0 2 2 0/4 (0) 2/4 (50)
8 TX HD 2 8 2 2/12 (17) 8/10 (80)
9 TX PD 3 0 7 3/10 (30) 7/7 (100)
Total 32 53 53 32/138 (23) 77/106 (73)

*Only transplanted patients that are included in the RICH-Q study are reported. 
Transplanted patients were included in the study only when they were transplanted after 
September 2007.  HD = Hemodialysis, PD = Peritoneal Dialysis, Tx = Transplantation.

Table 3. Reasons to start chronic Renal Replacement Therapy (cRRT) at estimated 
Glomerular Filtration Rate (eGFR) above 20 mL/min/1.73 m2, by modality.

First cRRT modality
Reasons* 
eGFR [20.3 – 32.0] mL/min/1.73 m2 (n=18)

Transplantation
(n = 6)

“eGFR” 
“high potassium”
“high phosphate”
“poor condition”
“next year final exam for school”
“anorexia”
“increasing inability to focus at school”

Hemodialysis
(n = 6)

“eGFR”
“high potassium”
“high phosphate”
“hyponatremia”
“poor condition”
“hypervolemia with severe arterial hypertension”
“end-stage renal disease”

Peritoneal dialysis
(n = 6)

“eGFR”
“high potassium”
“high phosphate”
“acidosis”
“HUS”
“uremia” 
“non-compliance (medication and diet)” 

* In some children, more than one reason was reported to start cRRT.
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vasculature of the upper extremity for future vascular access. There was variation in 
the minimum age for arterio-venous fistula (AVF) creation. In 6 centres this surgery was 
performed in children from 6 years on, in 3 centres AVF were created at a younger age 
(from 1-2 years). AVF function was monitored by regular physical examination and flow 
measurements in 5 centres, by physical examination only in 2 centres and in 2 centres 
regular check ups were not routinely performed. If central venous catheters were used, 
all centres stated the right internal jugular vein as preferred site. These catheters were 
inserted by paediatric surgeons in 5 centres and by a paediatric nephrologist, an adult 
nephrologist and a vascular surgeon in 1 centre each. In 1 centre central lines were inserted 
by a paediatric or adult nephrologist, whereas tunnelled catheters were inserted by a 
paediatric surgeon. Various types of catheters were used: single lumen Hickman or Broviac 
catheters in 4 centres, double lumen Hickman or Broviac in 3 centres and 2 centres used 
two single Tesio catheters. Preferences on catheter lock solutions also varied: 5 centres 
preferred heparin, 3 citrate and 1 preferred heparin or urokinase. Kt/V calculation as an 
indicator of dialysis adequacy was routinely performed in 6/9 centres. 

Table 6. Policies and policy-related patient information on frequency and duration of 
dialysis sessions for patients on hemodialysis (HD) treatment (n = 73).

Centre

Children < 3 years (n= 7) Children 3 - 18 years ( n= 66)

policy registry policy registry

sessions / 
week

sessions / 
week (n)

hours / 
week frequency

sessions / 
week

hours /  
week

1 4 3 (2) 9* 3 3 (1)
2 (1)

12
6*

2 4 0 0 3 6 (1)
4 (1)

3 (12)

18
16*
12*9

3 4 6 (1) 18* 3-4 3-4 (14)
2 (2)

9*2, 12*3,14, 15*
6*

4 4 4 (1) 12 3-4 3-4 (6)
2 (1)

12*3

6*
5 HD < 3 

years not 
provided

0 0 4 3 (2) 12

6 5-7 7 (1) 14 5-7 5-7 (4)
4 (6)
3 (2)
2 (1)

12*, 14, 15
8*, 11, 12*1

9*
6*

7 3 0 0 3 3 (3)
4 (1)

24#

20
8 4 4 (2) 16 4 3 (6)

2 (1)
12*3

6*
9 4 0 0 3 0 0

* patient(s) had residual renal function, *1 1 of the patients had residual renal function, 
*2 2 of the patients had residual renal function, *3 3 of the patients had residual renal 
function,  *9  9 of the patients had residual renal function,  # nocturnal dialysis
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According to the RICH-Q data 35 of 73 HD patients who started hemodialysis between 
2007 and 2010 had AVF ; 38 patients had central lines. Of these 38, 26 were placed 
in the right jugular vein, 4 in the left jugular vein, 5 in the right subclavian vein, 2 in 
the left subclavian vein and 1 in the left femoral vein. Of the 38 patients who received 
hemodialysis through a central line, heparin was used as catheter lock solution in 23 
patients, urokinase in 6, citrate in 5, Danaparoid Sodium in 2, Actilyse® and Taurolock® in 
1 patient each.  

Paramedical care
In line with the guidelines, all children on dialysis in all treatment centres were not only 
treated by paediatric nephrologists but surrounded by a team of paramedical experts. 
The composition of this team varied between the different centres: in 7/9 centres a 
social worker was included in standard care for the patient, in 8/9 a dietician, in 6/9 a 
psychologist and in 6/9 centres hospital teachers were present on the dialysis ward. 

discussion
In this paper we demonstrate important differences in treatment policies across the 9 
hospitals providing cRRT for children in the Netherlands and Belgium. We also found that 
the physicians often do not follow their own reported policies for the management of 
children with ESRD. Here we will discuss some of the most important policy variations. 

indication of initiation of crrt 
Stated policies on initiation of cRRT varied from a threshold eGFR of 10 to 15 ml/min/1.73 
m2 at which cRRT initiation should be considered, in the absence of signs of uremia and/
or growth failure and/or malnutrition. 

A considerable proportion of patients (22%), however, started cRRT at an eGFR 
above 15 ml/min. This is not in accordance with any stated policies or international 
recommendations. Pre-emptive transplantations are performed at a significantly higher 
eGFR than onset of dialysis. The whish to avoid dialysis for patients that are candidate for 
pre-emptive transplantation and planning logistics may motivate physicians to choose for a 
‘safe’ eGFR level at the time of transplantation. Clinical factors are presumably considered 
at least as important as eGFR level in the decision to start RRT. One additional reason to 
start RRT even at a relatively high eGFR level may be the lack of patient’s compliance to 
diet and therapy prescription. 

Part of the discrepancy between eGFR recommendations, policies and actual applied 
therapy could be explained by the use of different formulas to calculate the eGFR. e.g. 
the updated or not-updated Schwartz formula16;26 or the Counahan-formula27. In this 
analysis, eGFR calculation by original Schwartz formula was used, in concordance with all 
local policies. Recently, an updated version of this formula was published28. However, we 
used the original formula in this analysis since decisions to start dialysis in this population 
were made in the past, and therefore based on the previous formula. Yet, the use of 
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different formulas can not explain discrepancies of more than 5 ml/min/1.73 m2. The 
findings of the present study are in line with data from the European registry for paediatric 
nephrology (ESPN), concerning 938 patients from 14 European countries25.  In that survey, 
the percentage of children who started cRRT accordingly to the eGFR levels recommended 
by two sets of guidelines17:19 was also low; 22% started cRRT at an eGFR above 15.

Pre-emptive transplantation as first crrt 
All centres reported that pre-emptive transplantation was their preferred first mode of 
cRRT in children of 3 years and older, but this could only be realized in 23% (32/138) 
of all patients who started cRRT during the study period. An explanation for this could 
be that some patients only presented shortly before onset or even at the time of end-
stage renal disease, which made acute dialysis necessary. Also, the waiting list system of 
Eurotransplant favours dialysis patients to such an extent that pre-emptive post-mortem 
transplantation in children has been made virtually impossible. Nevertheless, these figures 
show that pre-emptive living donation is less easily achieved in the Netherlands and 
Belgium than desirable. 

Pd policies
Treatment policies for PD patients varied considerably between the 9 treatment centres. 
Unfortunately, the follow up time of this cohort is yet insufficient to determine associations 
with clinical outcomes such as peritonitis incidence. We found considerable variation in 
lifestyle guidelines. These variations are important because extensive lifestyle related 
restrictions result in lower quality of life. As far as we know, there are several studies that 
address exit site care, but none of these studies investigated the association between 
lifestyle guidelines for bathing and swimming and peritonitis frequency29;30;31. Double cuff 
catheters are used in 69% of all PD patients above 3 kilograms, which is in line with 2 
guidelines that clearly recommend the use of double cuff catheters in these patients.  
Apparently, due to anatomical or practical reasons (surgical impossibility, availability of 
double cuff catheters), in 31% of these patients PD catheters cannot be inserted according 
to current recommendations. For exit-sites the need for improvement is even more 
important, because only 27% of all catheters is inserted according to the recommended 
direction (‘downwards’). Surgical and anatomical reasons combined with practical reasons 
could be explanations why this guideline can not always be followed. For example, if 
a child needs to wear a diaper, the exit site direction will be upwards, as described 
previously by Rönnholm et al32, but this could only explain some of the cases and can not 
be responsible for this low guideline adherence. The question is whether it is realistic to 
strive for more guideline adherence on all topics or whether the recommendations need 
adjustment because they are not feasible in all cases. 

Current guidelines for local mupirocin prophylaxis to prevent exit site infections and 
peritonitis in paediatric cRRT are contradictory. Both stated and performed policies in our 
study varied. Recently large studies have proven the preventive effect of mupirocin33-35. 
Based on this new evidence the guidelines need to be updated by recommending the use 
of mupirocin, which should be implemented in clinical practice. 
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hd policies
With respect to haemodialysis policy, we found remarkable differences between the 
centres. Some centres only offer a maximum of 3 sessions per week as standard policy, 
whereas others adapt to the patients’ specific needs and offer up to 6-7 sessions per week. 
Only 3 centres offer home haemodialysis and only 1 centre has facilities for overnight-
haemodialysis. In 2 centres HD is offered only when PD is not possible. All these differences 
in policy may have a great impact on the life of the patients and their families. In most 
centres, for financial and/or practical reasons, haemodialysis is only possible on particular 
and restricted days. Organizational and financial reasons are weighed differently against 
patient preferences in different centres. High quality evidence needs to be generated to 
elicit the association of dialysis frequency and important outcomes such as quality of life 
and survival. 

The fact that there is only one paediatric guideline on vascular access and that this 
guideline does not deal with all topics requested by the paediatric nephrologists, may 
explain differences in vascular access policies. Also, vascular access policies might be 
influenced mainly by the paediatric or adult surgeons in the centres and to a lesser extent 
by the paediatric nephrologist. For example, the possibility of creation of an AVF in young 
children demands surgical expertise, which is not available in all centres. If consultation 
at the adult vascular access department will not help out, as recommended by the KDOQI 
guideline21, collaboration with other paediatric dialysis centres should take place, and 
harmonization of patient care should make it possible that every small child on HD may 
obtain a functioning AVF.   

Paramedical care
Four guidelines for management of children on dialysis18;20;24;36 emphasize that a team 
of paramedical experts is an important requirement for children on cRRT. In general, we 
found that in most centres at least 6 paramedical health professionals are involved in the 
treatment of the patients with ESRD in the Netherlands and Belgium, but also, that not all 
recommended paramedical disciplines are accessible to all patients. This could be due to 
the small number of patients treated in some of the centres. Again, centralization of care 
could be helpful to guarantee quality of paramedical care.

implications for practice 
Our observations imply that, given the same clinical condition, management depends 
on in which centre a child with ESRD is treated, e.g. at what eGFR cRRT is initiated, 
what cRRT treatment modality is given to the patient, and how strict the lifestyle 
recommendations are. It means that optimal and suboptimal management strategies 
may be applied in children with otherwise similar conditions and clinical problems. This is 
remarkable in two highly organized countries with a highly qualified medical care system, 
and may jeopardize health outcomes for these children. If these disparities exist in these 
two countries, they may also exist in other European countries and around the world. 
Suboptimal management strategies may well deteriorate the course of disease as well as 
the quality of life in these children. Obviously, many of the differences in patient care that 
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we found, such as the significant differences in choice of dialysis modality and lifestyle 
recommendations, have various different important psychosocial implications for patient 
and caretakers. To what extent these differences also affect patient outcomes is more 
difficult to assess as empirical research relating management choices to health outcomes 
in this field is scarce, demonstrated by our finding that over 95% of the existing guidelines 
for pediatric cRRT are opinion derived and not based on clinical evidence. The lack of 
a solid scientific ground for the existing guidelines may also be an explanation for the 
remarkable deviations of the local policies from the recommendations as stated in these 
guidelines, and also for the deviations in daily practice in most units from their own stated 
treatment policies that we found.

ESRD in children is a rare disease. Its treatment is highly sophisticated, complicated 
and, unfortunately, as a consequence of its rarity generally offered only by very small 
treatment units. National and international collaboration of paediatric cRRT units, regular 
peer reviewing of treatments and outcomes, and analyses of data of a comprehensive 
Good Clinical Practice database on treatment aspects and outcomes may offer a method 
to generate more evidence for treatment, develop more evidence based guidelines and 
harmonize cRRT in children.

conclusion
In conclusion, health care disparities exist due to large and unwanted variation in treatment 
policies between all hospitals providing cRRT for children in the Netherlands and Belgium. 
Delivered care does not live up to stated policies, for which clear and internationally 
accepted guidelines are lacking. Disparities may deteriorate the course of disease as well 
as the quality of life in these children. 
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aBstract
Background. In the Netherlands and Belgium, an increasing number of children with end-
stage renal disease (ESRD) is from non-Western origin. We analysed renal transplantation 
practices and outcome for immigrant ESRD children as compared to native children in 
both countries.

Methods. All Dutch and Belgian children aged < 19 years who received their first renal 
transplantation between September 1st 2007 and January 1st 2011 were included. 
Therapy characteristics and outcomes were registered prospectively on a 3-monthly base. 
Immigrants were defined as children of whom 1 or both parents had been born outside 
Western European countries. Multivariable Cox regression analysis was used to quantify 
the Hazard Ratio (HR) for acute rejection.

Results. 119 first renal transplant recipients were included, of which 41 (34%) immigrants. 
Median [range] follow-up time of transplantation was 18 [2 - 28] months. As compared 
to native children, immigrants had less often pre-emptive transplantations (15% vs. 32%, 
p = 0.040) and less often a transplantation with a kidney from a living donor (24% vs. 
59%, p < 0.001). Survival analysis in 96 children with at least 3 months follow-up showed 
an increased risk for acute rejection in immigrants adjusted for donor source, duration of 
dialysis, and number of HLA mismatches on the DR locus (HR [95% Confidence Interval] 
2.5 [1.1 – 5.9]).

Conclusions. Immigrant children receive less pre-emptive and living donor transplantation 
compared to native children. After transplantation, immigrant children are at higher risk 
for acute rejection irrespective of the mode of transplantation.
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introduction
In the Netherlands and Belgium, a considerable proportion of the children with end-stage 
renal disease (ESRD) is from non-Western origin. Not much is known about the care and 
health outcomes for this specific group of patients, despite the fact that the total number 
of non-Western immigrants in these two small countries is growing1;2. In the Netherlands, 
the proportion of non-Western immigrants has grown from 9 to 11% of the total 
population in the last decade, which implies an expansion of this group with more than 
0.5 million people on a total population of 16.6 million people1. Therefore, the interest in 
the specific needs of and care for this group is rising. Immigrants from non-Western origin 
in the Netherlands are reported to receive less appropriate health care compared to native 
inhabitants3. In a study on asthma in children ethnicity and insufficient comprehension 
of the Dutch language appeared to be important risk factors for uncontrolled asthma in 
these children4. 

Renal transplantation (Tx) in children is a complex and intensive therapy. The success 
of the Tx highly depends on a good mutual understanding between patient and physician 
and adherence to the therapy. Also, the used therapeutic regimes are predominantly 
based on clinical research in Western patients. We hypothesised that cultural as well as 
biological differences between immigrant and native patients might influence practice 
and clinical course of renal Tx in non-Western immigrant children.

We therefore investigated the frequency, characteristics, and outcome of renal Tx in 
immigrant children compared to native Dutch and Belgian children.

suBJEcts and MEthods

Patients
Data were registered prospectively on all children aged < 19 years who received their 
first renal transplantation between September 1st 2007 and January 1st 2011 in the 
Netherlands and Belgium. These data were collected as part of the RICH-Q project (Renal 
Insufficiency therapy in Children - Quality assessment and improvement), which aims to 
improve the quality of care for children with ESRD by collaboration between all 4 Dutch 
and 5 Belgian centres where children with ESRD are cared for5. In 3 Belgian centres the 
inclusion period of the RICH-Q project started in January and May 2008, respectively, 
due to a delay in ethical approval by the local ethical committees. Follow-up data were 
available until January 1st 2011 or until transition to adult care. Acute rejection episodes 
(ARE) or graft failures occurring after transition to the adult department are therefore not 
included in this study. Approval was obtained from the ethical boards of all participating 
hospitals and written informed consent from all parents of the participants and / or the 
participants themselves.

data collection procedures
Data were collected from the medical records of the patients by trained local research 
nurses or by the participating paediatric nephrologists. The following data were recorded: 
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age, gender, primary cause of ESRD, waiting time on dialysis before the first Tx, country 
of birth from child and parents, race, Tx date. Primary causes of ESRD were classified 
retrospectively into 5 categories; glomerulopathy, hemolytic uremic syndrome (HUS), 
urinary tract malformation, dysplasia, and other. The Tx characteristics we recorded were: 
type of Tx (pre-emptive or after a period of dialysis), type of donor (deceased (DD) or 
living (LD)), relationship of living donor, donor age, number of HLA mismatches, cold 
ischemia time and prophylactic immunosuppressive treatment. The total number of HLA 
mismatches was calculated by adding up mismatches on A, on B and on DR per Tx. The 
collected Follow-up data included estimated Glomerular Filtration Rate (eGFR), suspected 
non-compliance, graft failure and ARE with for each episode: biopsy result, type of 
rejection and treatment. Rejection-free survival was calculated per patient in months from 
the Tx date until the first ARE or until the end of the follow up-period. As a surrogate 
outcome for graft failure we also looked at differences in estimated Glomerular Filtration 
Rate (eGFR) between 3 months and 12 months after Tx. For the calculation of eGFR we 
used the updated version of the Schwartz formula: eGFR (ml/min/1.73m2) = k (Height 
in cm) / serum creatinine in mg/dl), with k being an age-dependent variable6. Children 
whose eGFR declined more than 10 ml/min/1.73m2 between 3 and 12 months after Tx, 
were classified as ‘deteriorated’. Non-compliance was recorded in the RICH-Q registry 
by searching the medical charts for notifications on medication use and by asking the 
treating paediatric nephrologist. If indicated, we considered that patient as ‘suspect for 
non-compliance’.

definitions
Immigrants were defined as children of whom 1 or both parents had been born in non-
Western European countries. Natives were defined as children from Western European 
origin. Acute Rejection Episodes included biopsy-proven as well as clinically suspected 
episodes, defined by the use of high-dose steroids or antibody treatment. However, if 
rejection treatment was started but the biopsy result showed no sign of rejection, we 
did not count that episode as ARE. Graft failure was defined as a situation of failure of 
the transplanted kidney, which necessitated the use of another mode of chronic Renal 
Replacement Therapy.

statistical analysis 
For comparisons of categorical variables between immigrant and native patients we used 
the chi-square test or, in case of small expected cell counts, Fisher’s Exact test. Student’s 
T-test or Mann-Whitney U test was used for continuous variables when appropriate. 
Kaplan Meier survival analysis was used to analyze rejection free survival. Cox regression 
was used to investigate possible confounding factors. If addition of a possible confounder 
to the model resulted in a change of  > 10% in the regression coefficient b of the primary 
determinant (immigrant status), this variable was kept in the model. All analyses were 
performed using SPSS 18.0 for Windows statistical software.
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rEsults
Between September 1st 2007 until January 1st 2011, 119 children received their first 
transplantation, 78 native children and 41 immigrant children. The primary causes of ESRD 
were comparable between the groups. These and other characteristics of the immigrant 
and native groups are shown in Table 1. An overview of pre-emptive versus post dialysis 
transplantation and donor sources (Living Donor (LD) versus Deceased Donor (DD)) is 
provided in Table 2. From the 119 transplantations, 56 (47%) were performed with a 
kidney from a LD, (24% LD in immigrants, versus 59% in natives, p < 0.001, table 3). LD 
was mostly performed with a kidney from one of the child’s parents (80% of all LD Tx in 
immigrants, versus 83% in natives). Immigrant children had a lower rate of pre-emptive 
Tx, spent more time on dialysis before Tx, received grafts from younger donors and the 
median cold ischemia time was longer (table 3). A subgroup analysis in children who 
were transplanted with a kidney from a DD (shown in Table 4), showed no statistically 
significant differences between months on dialysis before Tx, donor age, median cold 
ischemia time and total number of HLA-mismatches. Mismatches on the DR locus were 
significantly more present in transplantations with a kidney from a DD in the immigrant 
group (81% in immigrant children versus 56% in native children, p 0.038, table 4).

outcome
Of 99 children, 68 native and 31 immigrant children, follow-up data were available for 
at least 3 months. In 24 of these patients (24%) 1 or more ARE occurred after a period 

Table 1. Characteristics of included native and immigrant children.

Total 
n=119

Native
n = 78 (66)

Immigrant
n = 41 (34)

Male 68 (57) 42 (54) 26 (63)
Origin Netherlands: 58

Belgium: 18
Germany: 1

Luxembourg: 1

Morocco: 8
Turkey: 9

Surinam: 7
Asia: 4

Dutch Antilles / Caribbean: 2
Africa (other): 7

Middle East (other): 4
Race 

Caucasian
Black
Asian
Mixed

97 (82)
13 (11)

3 (2)
6 (5)

77 (99)
0
0

1 (1)

20 (49)
13 (32)

3 (7)
5 (12)

Primary cause of ESRD 
Glomerulopathy
Hemolytic uremic syndrome
Urinary tract malformation
Dysplasia
Other

31 (26)
4 (3)

22 (19)
39 (33)
23 (19)

20 (26)
3 (4)

15 (19)
28 (36)
12 (15)

11 (27)
1 (2)

7 (17)
11 (27)
11 (27)

Data are presented as n (percentage).
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Table 2. Description of types of transplantation (pre-emptive versus post dialysis 
transplantation and donor source).

Total Immigrant Native

Pre-emptive transplantation
living donor 29 5 24 

        deceased donor 2 1 1
Transplantation post dialysis

living donor 27 5 22
 deceased donor 61 30 31
Total 119 41 78

Table 3. Comparison of transplantation characteristics.

Tx total
n=119

Tx in native 
children
n = 78

Tx in 
immigrants

n = 41 p

Follow-up time, months* 18 [2-28] 18 [2-25] 17 [3-28] 0.371 a

Age at transplantation, years* 11.5 [1.6-19.1] 11.7 [2.0-19.1] 11.3 [1.6-17.3] 0.907 a

Pre-emptive Tx 31 (26) 25 (32) 6 (15) 0.040 b

Living Donor Tx 56 (47) 46 (59) 10 (24) 0.001 b

Relationship of living donor
parent
grandparent
uncle/aunt
second cousin 
no relation 

46 (82)
7 (12)
1 (2)
1 (2) 
1 (2) 

38 (83)
6 (13)
1 (2)
1 (2)

0

8 (80)
1 (10)

0
0

1 (10)

-

Months on dialysis before Tx*1 17 [1-99] 14 [1-67] 26 [3-99] 0.008 a

HLA mismatches (A, B, DR)# 2.4 ± 1.1 2.3 ± 1.2 2.7 ± 1.0 0.065 c

≥1 mismatch on DR 81 (68) 49¶ (63) 32¶ (78) 0.090 b

Donor age, years* 43 [2-68] 45 [7-68] 36 [2-60] 0.001 a

pediatric donor (< 10 years) 8 (7) 3  (4) 5 (12) 0.084 a

Initial Immunosuppressive 
prophylaxis
Cyclo+Basiliximab+MMF+Cort
TAC+ Basiliximab+MMF+Cort
Basiliximab+MMF+Cort
Other combinations

81 (68)
24 (20)

7 (6)
7 (6)

50 (64)
17 (22)

4 (5)
7 (9)

31 (76)
7 (17)
3 (7)

0

-

Data are presented as n (percentage), * data are presented as median [range],  #data are 
presented as mean ± SD, a Mann Whitney U test,  b Chi2 test, c Independent samples T test, 
1 88 patients were transplanted after a period of Dx; 53 native children and 35 immigrant 
children, ¶ 3 native children and 1 immigrant child had 2 mismatches on Dr, Cyclo = 
Cyclosporine, TAC= Tacrolimus, Cort = Corticosteroids, MMF= Mycophenolate Mofetil.
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of (median [range]) 18 [2-28] months: in 13/68 natives (19%) and in 11/31 immigrants 
(35%). Five children (1 native child and 4 immigrants ) had 2 AREs. 22 of all 29 AREs 
(76%) were biopsy-proven, in the other 7 AREs (24%) treatment was given without 
taking a biopsy. 17 AREs were biopsy-proven tubular-interstitial rejections (59%), 4 
were biopsy-proven vascular rejections (14%) and in 1 the biopsy showed a combined 
tubular-interstitial/vascular rejection (3%). The 7 AREs for which treatment was given 
without taking a biopsy, were assumed to be tubular-interstitial rejections, based on the 
anti-rejection therapy that was given to the patients and the response to that therapy. 
There were no significant differences in type of rejections between immigrant and native 
children (p = 0.765).

Kaplan Meier analysis (Figure 1) showed a significantly longer rejection free survival for 
native children (Log Rank test p 0.032). The HR [95% CI] for immigrant status resulting 
from the univariable Cox regression analysis was 2.4 [1.1 – 5.3]. Adjustment for potential 
confounders, such as donor source (DD or LD), duration of dialysis prior to transplantation 
and 1 or more HLA mismatches on the DR locus, did not change the effect of immigrant 
status (table 5). Graft failures occurred in 2 of 78 Tx (3%) in native children and in 5 of 41 
Tx (12%) in immigrants. Five of the 7 graft failures occurred within a week after Tx, mainly 
caused by surgical complications. Only 2 graft failures, in immigrant children, occurred 
later during follow-up, after 4 and 24 months, respectively. These 2 immigrant children 
with late graft failure both had suffered at least 1 period of ARE. All other graft failures 
were not preceded by a period of ARE. Three months after Tx median [range] eGFR was 
63 [0-166] ml/min/1.73m2 in native children (n= 66 native children with data to calculate 
eGFR) and 58 [5-123] ml/min/1.73m2 in immigrant children (n= 30). After 12 months 
the median [range] eGFR in both groups was 57 [0-143] ml/min/1.73m2 (n = 51) and 65 
[0-134] ml/min/1.73m2 (n=22), respectively. Deterioration based on eGFR was found in 16 
of 49 native children (33%) with data to calculate eGFR at both 3 months and 12 months 
and in 5 of 20 of immigrant children (25%), p 0.531. 

Non-compliance was suspected by the health care providers in 11 / 68 (16%) of native 
children and in 9 / 31 (29%) of immigrants with longer than 3 months follow up (p 

Table 4. Comparison of transplantation characteristics in 63 transplantations (Tx) with a 
kidney from a deceased donor (DD).

Tx total
n = 63

Tx in native 
children
n = 32

Tx in 
immigrants

n = 31 p

Months on dialysis before Tx*1 18 [1-99] 18 [1-67] 26 [3-99] 0.119 a

HLA mismatches (A, B, DR)# 2.7 ± 1.1 2.7 ± 1.3 2.8 ± 1.0 0.612 c

≥1 mismatch on DR 43/63 (68) 18/32 (56) 25/31 (81) 0.038 b

Donor age, years* 38 [2-62] 40.5 [7-62] 31 [2-58] 0.277 a

Cold ischemia time, hours* 14 [4-27] 14 [4-26] 15 [5-27] 0.938 a

Data are presented as n (percentage), * data are presented as median [range],  #data are 
presented as mean ± SD, a Mann Whitney U test,  b Chi2 test, c Independent samples T test, 
1 2 patients were transplanted pre-emptively with a DD and 61 patients were transplanted 
with a DD after a period of Dx; 31 native children and 30 immigrant children.
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0.122). In general, 9 of the 24 children who had 1 or more ARE were suspected of non-
compliance, but also 11 of the 75 children that did not have any ARE.

discussion
The most favourable modes of renal transplantation, i.e. pre-emptive and LD transplantation 
were less often performed in immigrant children than in native children. 

Pre-emptive transplantation with a kidney from a DD was performed only twice in our 
study population, but could be an attractive alternative for LD transplantation. Cransberg 
et al. found that pre-emptive transplantation in children, even with a deceased donor 
is associated with less ARE than transplantations following dialysis7. Unfortunately, the 

Table 5. Results of Cox regression analysis for acute rejection (n=99 children with at least 
3 months follow up)

Hazard Ratio 95 % Confidence Interval

Univariable model 
        Immigrant status 2.4 1.1 – 5.3
Multivariable model 

Immigrant status 2.5 1.1 – 5.9
Donor source ( LD vs DD) 1.1 0.4 – 3.0
Months on Dx before first Tx 1.0 0.9 – 1.0

 ≥1 mismatch on DR 1.5 0.6 – 3.3

LD = living donor, DD = deceased donor, Dx = dialysis, Tx = transplantation

Figure 1. Kaplan-Meier curve of 
rejection-free survival in immigrant 
children compared to native (Western 
European) children, Log Rank test 
p 0.032 (n=99 children with > 3 
months follow up (FUP) data on acute 
rejection episodes).
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Eurotransplant policy reduces the chances for pre-emptive transplantation with a kidney 
from a DD, by using time on dialysis as an indicator of urgency on the waiting list. For this 
reason, the policy of all participating centres in our study is to advocate (pre-emptive) LD 
transplantation as most advantageous to all patients. This implies that the low number of 
LD transplantations in immigrants that we found is most likely due to less willingness or 
ability of non-Western immigrant parents to donate as compared to native parents. Cultural 
barriers, different beliefs and attitudes towards donation, but also misunderstandings 
and miscommunication between patient or caretakers and physician may have played 
a role. Unfortunately, in the present study, we had no data on the ability of immigrant 
parents and patients to communicate adequately in Dutch, English or French. We think 
this is an interesting topic for future research. Park et al. showed that special attention 
for these cultural and communicative aspects in an adult multi-ethnic transplantation 
program indeed increased the frequency of donation but only at the cost of continuous 
efforts to overcome educational, language and cultural barriers in motivating potential 
donors8. Another interesting finding that warrants further investigation is the longer time 
immigrant children spent on dialysis prior to first Tx, in a comparison of children for who 
pTx was not possible. It seems that, also for the time spent on dialysis before first Tx, 
different social or medical factors might play a role. Future research should focus on the 
identification of these factors that delay Tx in immigrant children.

After transplantation, immigrant children were at higher risk for rejection, irrespective 
of the mode of transplantation, duration of dialysis before the first Tx and number of HLA 
mismatches. Whether this results in more adverse outcomes in the long-term in these 
children, is, as yet, unknown. Due to the short period of follow up after Tx, long-term 
outcomes such as graft failure could not be investigated. As a surrogate outcome for 
graft failure we looked at differences in eGFR between 3 months and 12 months after Tx, 
but no difference between the 2 groups of children could be identified. Apparently, as 
most rejections occurred early after Tx during the period of regular hospital visits with the 
possibility of immediate treatment, overall median eGFR of both groups was not affected 
by the number of rejections. 

Cultural factors, such as language difficulties, a different awareness of living with a 
chronic disease or simple misunderstandings between patient and doctor may result in less 
adherence to the therapy and consequently more rejections9. However, in our study most 
rejections occurred shortly after transplantation during a period of regular hospital visits 
according to protocol. Although we had no reliable tools to analyse patient compliance, 
the occurrence of rejections so soon after transplantation makes non-compliance as an 
important cause of ARE less likely. 

Biological factors may also play a role. We found no differences in primary disease 
between immigrant and native children. If transplanted with a kidney from a DD, 
immigrants had significantly more HLA mismatches on the DR locus, but this did not 
influence the lower rejection free survival in immigrants. Whether other genetically 
determined or immunological differences might have influenced the higher rejection 
frequency in immigrant children remains to be elucidated. 

Finally, a different response to anti-rejection prophylactic regimes as a result of 
a different pharmacokinetic profile of non-western immigrants as compared to native 
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patients might be of importance. Trough levels may be less reliable in these circumstances. 
Recently, several studies have addressed this topic and suggest that the dosage of 
immunosuppressive therapy based on area under the concentration time curves (AUCs) 
could provide a more individualized approach of the immunosuppressive therapy in 
these patients than based on trough levels, as is the current treatment procedure in the 
participating centres10-12. This warrants more in-depth investigation to inform clinicians 
about the optimal strategy for the adjustment of dosages of immunosuppressive drugs in 
individual patients. 

At present more Dutch than Belgian children are included, than would be expected 
based on the demographic numbers of inhabitants of the Netherlands and Belgium (16.7 
and 10.8 million people, respectively)1;2. This could be explained by three factors. First, in 3 
of 5 Belgian centres the inclusion period of the RICH-Q project started 3 to 8 months later 
than in the other 4 Dutch and 2 Belgian centres. In those 3 centres the RICH-Q project 
started in January and May 2008, respectively, due to a delay in ethical approval by the 
local ethical committees. Second, we analysed a subgroup of children who received their 
first transplantation. It might be that coincidentally more Dutch children (n=87) received 
their first renal transplant during the study period, as compared to the Belgian children 
(n=32). Last, we know that a few Belgian children are not included in the RICH-Q study, 
because they are cared for in France or Germany, but this can not explain the differences 
between these numbers of children. Therefore, we are cautious in deriving inferences 
when comparing practices and outcomes in the Netherlands and Belgium.

In the present study we focussed on immigrants from non-Western European origin. 
The different composition of the immigrant population in different countries may explain 
the differences between our findings and others, e.g., those found by Oztek et al13. 
They found equal outcomes in native Austrian children and immigrants, yet the Austrian 
immigrants were mainly from the Balkan as opposed to the Turkish, North African and 
Caribbean origins of the Dutch and Belgian immigrants. Our data do show similarities 
with a previous Dutch study from Roodnat et al. on renal graft survival in adults14. Overall, 
the authors found similar graft survival between European and non-European adult 
recipients, but also a higher risk for graft failure for Arab (of which 85% Moroccans) 
and African recipients (41% Surinam-creoles, 24% Antillians, 35% Cape Verdians). Arab 
and African origins also constitute a great proportion of the immigrant population in the 
present study. Within the Netherlands and Belgium there has been a change over time in 
the immigrant population in terms of the countries of origin, the reasons for immigration, 
and the number of western-born children, the so-called second generation. This might 
explain the difference between the results of the present study and a recent Dutch study 
in adult immigrants, which showed increased survival for adult immigrant patients on 
dialysis compared to native Dutch dialysis patients15. 

In conclusion, we found that immigrant children receive less pre-emptive and less LD 
transplantation compared to native children. After transplantation, these children are at 
higher risk for rejection, irrespective of the donor source. Research should be aimed at 
identifying the causes of these differences.
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aBstract   
Background. In Belgium and the Netherlands, up to 40% of the children on dialysis is 
from non-Western European origin. Concerns exist whether immigrant children receive 
the same quality of care. We compared the choice of initial dialysis, post initial treatment 
and outcomes between immigrant and native children on dialysis. 

Methods. All children aged < 19 years on chronic dialysis in the Netherlands and Belgium 
between September 1st 2007 and May 1st 2011 were included. Immigrants were defined 
as children of whom one or both parents were born in non-Western European countries. 

Results. 79 of 179 included patients (44%) were immigrant children. Compared to native 
children, immigrant children were more often treated with hemodialysis (HD) instead of 
peritoneal dialysis (PD) as first dialysis mode (52% vs. 37% p=0.046). Before receiving 
a renal transplant, immigrants were on HD for median (range) 16.8 (0.6-106.0) months 
compared to 6.5 (0.1-.66.2) months in native children (p=0.003). Renal osteodystrophy 
was diagnosed in 34% of the immigrants vs. 18% of natives (p =0.028). The Incidence 
Rate Ratio for acute peritonitis during PD was 2.24 (p=0.032) for immigrants compared 
to native children. 

Conclusions. Immigrant children on dialysis are treated differently than natives, and their 
health outcomes are less favorable. 
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introduction
In the Netherlands and Belgium, a considerable proportion of the children treated with 
chronic dialysis is from non-Western European origin. Over the last decade, the relative 
number of non-Western immigrants in the Netherlands has grown from 9 to 11 % (1). 
Data on clinical management and outcomes of patients of migrant background are 
scarce. Yet, there is a growing awareness that there are considerable healthcare disparities 
between migrants and non-migrant West-European and American patients (2;3). Stronks 
et al. showed that the use of general practitioner care and the use of prescribed drugs was 
increased among immigrants compared to native adults (4). 

Culture associated misunderstandings between doctor and patient, but also language 
problems may lead to a different approach and subsequently to inequality in quality of 
care. For example, a Dutch study on asthma in children showed ethnicity and insufficient 
comprehension of the Dutch language to be important risk factors for uncontrolled 
asthma in children (5). The unfavorable influence of a migrant background may be even 
more important for highly complex modes of healthcare such as chronic renal replacement 
therapy in children, which makes great demands on the understanding and discipline of 
patient and caretakers. 

Little is known about the management and outcomes of immigrant children on chronic 
dialysis. We therefore compared the choice of initial dialysis, post initial treatment and 
outcomes between immigrant and native children treated with chronic dialysis. 

MEthods

Patients 
All children aged < 19 years who were treated with hemodialysis (HD) or peritoneal dialysis 
(PD) in the Netherlands and Belgium between September 1st 2007 and May 1st 2011 were 
included. Data were collected as part of the RICH-Q project (Renal Insufficiency therapy 
in Children - Quality assessment and improvement) (6). Follow-up data were available 
until May 1st 2011 or until transplantation, transition to adult care or death. We obtained 
ethical approval from the ethical boards of all participating hospitals and written informed 
consent from the parents of all participants and the participants themselves, if possible.

data collection procedures 
Data were collected from the medical records of the patients by trained local research 
nurses or by the participating pediatric nephrologists. The following  data were used: 
age, gender, primary cause of end-stage renal disease (ESRD), date of first chronic Renal 
Replacement Therapy (cRRT), first cRRT modality, waiting time on dialysis, country of 
birth from child and parents, and race as recorded by the parents , i.e. Caucasian, black, 
Asian or other. Primary causes of ESRD were classified into 7 categories; glomerulopathy, 
hemolytic uremic syndrome (HUS), urinary tract malformation, dysplasia, primary interstitial 
nephritis, tubular necrosis and other. The dialysis outcomes we recorded were blood values 
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of hemoglobin, phosphate, calcium, immunoreactive parathyroid hormone (iPTH), alkaline 
phosphatase and homocysteine, hypertension, medication prescription and bone disease 
at inclusion of the patients from 2007 till 2011. The peritonitis incidence, HD infections, 
and hospitalization were calculated for the period until May 1st, 2011.    

definitions
Immigrants were defined as children of whom 1 or both parents were born in non-
Western European countries. Natives were defined as children from Western European 
origin. The total number of months on dialysis was defined as the period between the 
first day of dialysis and May 1st 2011, the date of transplantation, the date of transition to 
adult care or the date of death. For the calculation of the estimated Glomerular Filtration 
Rate (eGFR) we used the updated version of the Schwartz formula: eGFR (ml/min/1.73m2) 
= 0.413*(Height in cm) / serum creatinine in mg/dl) (7). Hypertension was defined as 
the mean of at least 3 blood pressures > p95 of the Task Force Report normal values 
corrected for age and gender (8). Renal osteodystrophy was diagnosed by an experienced 
radiologist based on a hand X-ray. We made a distinction between incident patients, who 
were included in the RICH-Q database within 3 months after their first cRRT, and prevalent 
patients, who had been treated with dialysis for more than 3 months before inclusion in 
the RICH-Q database. 

statistical analysis 
For comparisons of categorical variables between immigrant and native patients we used 
the chi-square test or, in case of small expected cell counts, Fisher’s Exact test. Student’s 
T-test or Mann-Whitney U test was used for continuous variables when appropriate. 
Kaplan Meier survival analysis was used to analyze waiting time on dialysis until 
transplantation. To investigate the association between immigrant status and ROD logistic 
regression analysis was performed. A possible confounder was the time on dialysis before 
the inclusion of this study.  All analyses were performed using SPSS 18.0 for Windows 
statistical software. For the incidence rate of infection and hospitalization the number of 
new episodes per patient year at risk was calculated. The incidence rate ratio (IRR) was 
calculated to compare immigrants and natives. Hospitalization was analyzed separately in 
children < 4 years, because the hospitalization rate is on average higher in young children 
compared to children > 4 years. 

rEsults

characteristics and initial treatment
In total 179 children were included, of whom 79 (44%) were immigrant children. 
Characteristics of both groups, including native country of the parents of the children, are 
shown in Table 1. With respect to primary cause of ESRD, gender, age, eGFR at start of 
dialysis, percentage of prevalent or incident patients or poor condition as reason to start 
dialysis, no statistically significant differences were found. The first cRRT had been (HD) 
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in 52% and (PD) in 48% of the immigrant children vs. 37% and 63% of native children 
(p=0.046). 

For the prevalent patients, the median (range) duration of HD before inclusion was 
17.5 (3.8-63.4) months in immigrants vs. 8,2 (3.1-65,3) months for the native children 
(p=0.018). 

Table 1. Demographics and initial treatment of included native and immigrant children 
treated with chronic dialysis.

Immigrant, n = 79 (44%)
Native, n = 100 

(56%) p

Male 50 (63) 52 (52) 0.130a

Origin Morocco: 15
Turkey: 15
Surinam: 9

Asia: 5
Dutch Antilles / Caribbean: 3

Russia: 2
Africa (other): 15

Middle East (other): 15

Netherlands: 63
Belgium: 34
Germany: 1

Luxembourg: 1
United Kingdom: 1

-

Race 
Caucasian
Black
Asian
Mixed

42 (53)
25 (32)

7 (9)
5 (6)

97 (97)
0
0 

3 (2)

-

Initial treatment 
Age at start dialysis, years* 6.4 (0 – 17.0) 6.4 (0 – 18.5) 0.551b

eGFR (ml/1.73 m2) at start 
dialysis* 

7.4 (3.5-20.5) 7.5 (2.4-31.5) 0.687b

“Poor condition” as reason 
to start dialysis 

24 (30%) 36 (36%) 0.429a

First dialysis modality
HD
PD 

41 (52%)
38 (48%)

37 (37%)
63 (63%)

0.046a

Inclusion in RICH-Q
Age at inclusion (years)* 9.7 (0-17.8) 9.6 (0-18.7) 0.638b

RRT at inclusion 
HD
PD 

43 (53%)
36 (47%)

33 (33%)
67 (67%)

0.004a

Prevalent patients at 
inclusion 

46 (58%) 63 (63%) 0.516a

Duration of dialysis before inclusion, months*1

HD
PD

 17.5 (3.8-63.4) 
19.3 (4.1-77.5)

 8.2 (3.1- 65,3) 
10.6 (3.4-49.4)

0.018b

0.453b

Data are presented as n (percentage), * data are presented as median (range), a Chi2 test, 
b Mann Whitney U test, 1From start dialysis until inclusion for the prevalent patients), 
eGFR = estimated Glomerular Filtration Rate Schwartz. (Ref.2009), HD= hemodialysis, PD= 
peritoneal dialysis. 
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Post initial dialysis treatment
In table 2 the post initial dialysis treatment is compared between immigrants and native 
children. The median (range) total duration of HD was 16.8 (0.6-106.0) months in 
immigrants vs. 6.5 (0.1-66.2) months for the native children (p=0.003). For PD this was 
11.4 (0.2-88.3) vs. 13.6 (0.1-73) months (p=0.756). No significant differences were found 
between the 2 groups for the number of switches in therapy or the time on hemodialysis 
per week. For vascular access relatively more immigrant children on HD had a Cimino 
fistula (53%) instead of a central line compared to native children (33%), although this 
difference was not statistically significant (p=0.080).There were no significant differences 
in medication prescription. 

88 Children (33 immigrants and 55 native children) were transplanted during the 
follow-up period. Prior to transplantation the immigrant children spent more time on 
dialysis (median 30.2 (5.0 -99.0) months versus 15.0 (0.0-66.7) months, p=0.007). This is 
also shown in the Kaplan Meier analysis (Figure 1). 

Table 2. Comparison of clinical management after the start of dialysis.

Dialysis characteristics 
Immigrant 

N=79 
Native 
N=100 p

Total months on HD*1 
Total months on PD*1 

16.8 (0.6-106.0)
  11.4 (0.2- 88.3)

6.5   (0.1-66.2)
13.6  (0.1-73.3)

0.003b

0.756b

Duration of dialysis before first Tx*2  

(months) N=88
  30.2 (5.0- 99.0) 15. (0-66.7) 0.007b

Number of switches
HD to PD 
PD to HD 

10
14

7
15

0.712a

0.307a

Total hours on HD per week* 12 (3-24) 12 (3-24) 0.670b

Vascular access (at inclusion) 
Cimino fistula
Central lines 

23 (53%)
20 (47%) 

11 (33%) 
22 (67%) 

0.080a

Medication prescription (at inclusion) 
Anti hypertensive drugs 39 (52%) 61 (61%) 0.280a

> 2 anti hypertensive drugs 14 (25%) 12 (29%) 0.603a

Erytropoetin  68 (91%) 92 (92%) 0.790a

Calcium carbonate  39 (52%) 44 (44%) 0.359a

Phosphate binders  39 (52%) 51 (51%) 1.000a

Etalpha 60 (80%) 81 (81%) 1.000a

Growth hormone  25 (33%) 33 (33%) 1.000a

Prophylactic antibiotics on the exit site 17 (47%) 22 (35%) 0.242a

Data are presented as n (percentage), * data are presented as median (range), a Chi2 test, 
b Mann Whitney U test, 1From start dialysis until May 1st 2011 or until transplantation, 
transition to adult care or death. 2From start dialysis till first transplantation before May 1st 
2011, HD = hemodialysis, PD = peritoneal Dialysis, TX = transplantation            
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dialysis outcomes 
Table 3 shows a comparison of dialysis outcomes between immigrant and native children. 
No significant differences were found for hemoglobin, phosphate, calcium, iPTH, 
homocysteine and hypertension between the immigrant and native children. Prevalent 
immigrant patients had a median (range) alkaline phosphatase of 408 (84-1254) U/l vs. 
201 (33-1716) U/l for prevalent native children (p=0.043). 

The incidence rate of peritonitis was 1.0 per patient year at risk for immigrant children 
and 0.41 per patient year at risk for native children (incidence rate ratio (IRR) [95% CI] 
2.4 [1.43-4.17]).  The incidence rates of HD exit site/ tunnel infections were comparable 
in both groups. 

Immigrant children > 4 years had a lower hospitalization rate compared to native 
children: 2.29 vs. 3.12 per year (IRR 0.73 [95%CI: 0.59-0.91]. Children treated with PD 
were more often admitted to the hospital than children on HD. Within both HD and PD 
treatment modalities the hospitalizations rates of immigrant and native children were 
comparable: for PD 3.34 and 3.33 per year, respectively, IRR 1.00 [95CI%: 0.79-1.26]) and 
for HD 1.97 and 2.56 (IRR 0.77 [95%CI: 0.58-1.03]). The number of days of hospitalization 
was not significantly different between the groups either above or below the age of 4 
years. 

Chapter 8 15

Table 4. Results of logistic regression analysis for renal osteodystrophy in 146 children treated with 

dialysis 

OR 95 % CI

Univariable model 
        Immigrant status 2.32 1.09- 4.95

Multivariable model 
Immigrant status 2.25 1.05-4.82 

Months on dialysis before diagnosed with ROD 1 1.00-1.01

Figure 1. Time on dialysis to first transplantation in immigrant children compared to native children, 

Kaplan Meier, Log Rank test p = 0.007. 

Figure 1. Time on dialysis to first transplantation in immigrant children compared to 
native children, Kaplan Meier, Log Rank test p = 0.007.
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Table 3. Comparison of the outcomes of dialysis between native children and immigrant children 
with end-stage renal disease.

Immigrants Native 

P value IRR [95%CI] Blood values (at inclusion) n Median (range) n Median (range) 

Hemoglobin  mmol/l
-Incident 
-Prevalent 

30
46

6.8 (4.1-8.7) 
6.9 (4.6-9.4) 

34
60

6.5 (3.6-8.2)
7.0 (3.5-9.0)

0.174b

0.871b

Phosphate mmol/l 
-Incident 
-Prevalent 

30
46

1.65 (1.02-3.16) 
1.68 (0.78-2.58) 

34
60

1.58 (0.82-2.96) 
1.68 (0.85-2.79) 

0.527b

0.831b

Calcium  mmol/l  
-Incident
-Prevalent

28
46

2.44 (1.25-3.24) 
2.45 (2.00-3.09) 

33
59

2.40 (1.89-2.76) 
2.43 (1.90-3.58) 

0.767b

0.481b

iPTH pmol/l 
-Incident
-Prevalent

29
44

14.9 (0.1-159) 
17.6 (0.3-158)   

28 
58

11.6 (0.1-121)
14.1 (0.4-176) 

0.534b

0.570b

Alkaline phosphatase U/l 
-Incident
-Prevalent

8
22

411 (71-  987)
408 (84-1254)

10
24

233 (  4-  825) 
201 (33-1716) 

0.324b

0.043b

Homocysteine umol/l 
-Incident
-Prevalent

 6
19

  9.5 (4.2-14.2)
10.6 ( 3.0-26.0) 

10
29

13.3 (5.3-30.7) 
12.1  (6.0-113) 

0.093b

0.217b

Hypertension1 
(at inclusion) 76 33 (43%) 4 45 (47%) 0.607
Bone disorder (at inclusion)
X ray hand: M0
Moderate or severe signs

65 22 (34%) 83 15 (18%) 0.028a

Infection Immigrants Native IRR [95%CI] 
Number of Peritonitis 
episodes/ patient year PD 

34 1.0 60 0.41 - 2.44 [1.43-4.17]

Number of HD exit site/ 
tunnel infection / patient 
year HD 

46 0.34 33 0.45 - 0.75 [0.38-1.50]

Hospitalization
Total number of 
hospitalizations / patient 
year  
Age < 4 years 
Age > 4 years 
HD 
PD 

79 2.72

4.34
2.29
1.97
3.34

100 3.71

5.49
3.12
2.56
3.33

- 0.73 [0.62-0.87]

0.79 [0.60-1.03]
0.73 [0.59-0.91]
0.77 [0.58-1.03]
1.00 [0.79-1.26]

Days of hospitalization 
per year  
All ages  
<4 years
>4 years 

73

18 (0-282)
35 (7-282) 
12 (0-162) 

88

12 (0-196)
22 (0-196)
10 (0-158) 

0.427 b

0.228b

0.422b

Data are presented as n (percentage), * data are presented as median (range), a Chi2 test, b Mann 
Whitney U test, HD = Hemodialysis, PD = Peitoneal Dialysis, IRR = incidence rate ratio, 95%CI = 95% 
Confidence interval.
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Signs of renal osteodystrophy were present in 22 immigrant children (34%) vs.15 
native children (18%) (p=0.028) at inclusion. The OR for having ROD [95% CI] for the 
immigrant status resulting from the univariable logistic regression analysis was 2.32 
[1.09– 4.95]. Adjustment for duration of dialysis before diagnosis of ROD did not change 
the OR (table 4).

Six children (3%) died during the follow up period, 3 immigrant children and 3 native 
children. Four children (two in each group) died of intercurrent diseases, one of Wilm’s 
tumors, one of congenital heart disease and two due to withdrawal of treatment because 
of multiple co-morbidities. Two children (one in each group) died of complications of the 
treatment of the underlying kidney disease, one of pulmonary hypertension and one due 
to a complication of a central line. 

discussion 
We found important differences in the management of immigrant children on dialysis 
as compared to native children, and less favorable health outcomes.  We will discuss the 
reasons for these differences and formulate areas for further research.

Immigrant children receive more often HD as first mode of cRRT instead of PD 
compared to Dutch and Belgian native children, and spend more time on dialysis prior to 
transplantation. In an earlier study on transplantation policy and outcomes in immigrant 
patients of the same cohort we found that immigrants less often received donor kidneys 
from a living related donor than post-mortem transplantations, contrary to native patients 
(Tromp et al, submitted for publication). This explains the longer time spent on dialysis 
prior to transplantation in immigrant patients.

Kidney transplantation  is considered to be the most optimal cRRT for children with 
ESRD (9). As second best most pediatric centers recommend PD instead of HD in children 
because of its social advantages (10). PD permits a normal lifestyle by allowing children 
to attend school full time with fewer dietary and fluid restrictions compared to HD. In 
addition, obtaining vascular access for HD in children can be challenging (11). Therefore 
it is remarkable that the immigrant children in our study received predominantly HD, 
especially considering the relatively long period on dialysis prior to transplantation. It is 
not clear from our data if the decision for HD in immigrants has predominantly been a 
physicians’ or a patients’ choice. Physicians may have been reluctant to offer a home 

Table 4. Results of logistic regression analysis for renal osteodystrophy in 146 children 
treated with dialysis.

OR 95 % CI

Univariable model 
        Immigrant status 2.32 1.09- 4.95
Multivariable model 

Immigrant status 2.25 1.05-4.82 
Months on dialysis before diagnosed with ROD 1 1.00-1.01
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dialysis program in this particular group of patients, fearing communication problems or 
culture-related misunderstandings that may lead to complications of the therapy. Apart 
from the specific hazards of PD such as peritonitis, which is to a large extent related to 
the quality of self-care by the patient and caretakers, center HD provides more regular 
control on all aspects of care such as blood pressure control, intake of medication and 
dietary regime due to the obliged regular hospital visits. On the other hand, a lack of 
self-confidence and a relatively strong belief in the expertise of the medical staff may 
influence immigrant caretakers and patients to opt for a more center controlled therapy. 
Clinical factors, such as abdominal co-morbidity may also be a motivation to choose HD 
instead of PD as preferred cRRT modality. However, our results show no difference in the 
conditions reported as motive to start dialysis between the immigrant and native children.  

Immigrant children who were treated with PD had more frequently peritonitis episodes 
than native children. This is remarkable given the relatively small number of immigrant 
patients on PD as compared to HD, which suggests a positive selection for this modality. 
The incidence rates of HD exit site/ tunnel infections were comparable in both groups, 
but immigrant children have a higher prevalence of Cimino fistulas over central lines. 
This might be related to a different policy followed in immigrant and native children with 
respect to vascular access, Immigrant patients were less often scheduled for living related 
donor transplantation and consequently more often prepared for a post-mortem donation 
with a longer expected time on HD. This may have motivated physicians to choose more 
often for a Cimino fistula in immigrant patients. The hospitalization rate was lower in 
immigrant children > 4 years than in native children of the same age. This is explained by 
the fact that immigrant children receive more HD than native children. In both immigrant 
and native children, those on PD were equally more often admitted than patients on HD. 
This can be explained by the fact that the children on HD are monitored more regularly 
and that for example antibiotics can be given during the HD treatment session instead of 
during admission in the hospital.  

Renal Osteodystrophy (ROD), which is associated with longer long duration of chronic 
kidney disease, is a major clinical problem in young adults with pediatric ESRD (12). To 
detect ROD bone biopsy remains the ‘gold standard’ investigation. Its invasive nature and 
the need for specialized processing and interpretation limits the use of bone biopsy in 
clinical practice (13). Hand X-ray is non invasive and has a high specificity (92%) for the 
detection of ROD bone features (14). Because the prevention of ROD consists of a strict 
diet and medication, adherence to both dietary and medication advises are essential. We 
found that ROD was more prevalent in immigrant children, which is in line with the higher 
levels of Alkaline Phosphatase that we found in immigrants. The higher prevalence of ROD 
was not caused by a longer duration of dialysis prior to the inclusion of the study. It could 
be that the immigrant children were less compliant before they developed ESRD, and that 
the ROD consequently was already present at the start of dialysis. It is difficult to assess the 
compliance of a patient. We found no indication of non-adherence in surrogate outcome 
markers for prevention of ROD such as iPTH, phosphate and medication dosage of 
phosphate binders and Vitamin D derivates. Yet, the 2 major adverse outcomes measured 
in this study, i.e. peritonitis incidence and ROD, share a common important feature, which 
is that prevention of these 2 complications depends heavily on therapy adherence of 
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the patient.  We think it is necessary to create awareness for these important treatment 
differences and negative outcomes in immigrant children. This might be improved by 
more specialized and adjusted care and attention for this special group of patients. 

A limitation of this study is the exclusion of children who had been transplanted before 
the start of the RICH-Q registry. The inclusion of patients in the RICH-Q project started 
in September 2007. Only children that were treated with dialysis were included in the 
present study. Children who had been transplanted before this date were not included. 
This probably has resulted in an overrepresentation of children who are not suitable for 
(pre- emptive) transplantation. Therefore the percentage of immigrant children in this 
study is higher than in the general population. 

In conclusion, immigrant children receive more often HD as first cRRT treatment 
instead of PD, and stay longer on dialysis before transplantation. With respect to health 
outcomes, important differences exist between the immigrant and native children in 
domains that require strict adherence to therapy, such as peritonitis and ROD prevention. 

Acknowledgements RICH-Q is mainly funded by the Dutch Kidney Foundation. 
Additional funding was provided by Astellas, Ferring Pharmaceuticals, Genzyme, Roche 
and Shire. We are grateful to all patients and the participating centers in the RICH-Q 
study and to Dr Els Boeschoten, Lucia ten Brinke, Lara Heuveling, Martijn Leegte and 
Helga Schrijvers from the Hans Mak Institute for their support with data registration and 
monitoring. 

rEFErEncE list
1. Centraal Bureau voor de Statistiek.(2011) 

http://www.cbs.nl. Date accessed 1-5-2011 

2. Flores G, Olson L, Tomany-Korman SC 
(2005) Racial and ethnic disparities in early 
childhood health and health care. Pediatrics 
115:e183-e193

3. Lanting LC, Bootsma AH, Lamberts SW, 
Mackenbach JP, Joung IM (2008) Ethnic 
differences in internal medicine referrals 
and diagnosis in the Netherlands. BMC 
Public Health 8:287

4. Stronks K, Ravelli AC, Reijneveld SA (2001) 
Immigrants in the Netherlands: equal access 
for equal needs? J Epidemiol Community 
Health 55:701-707

5. van Dellen QM, Stronks K, Bindels PJ, Ory FG, 
Bruil J, van Aalderen WM (2007) Predictors 
of asthma control in children from different 
ethnic origins living in Amsterdam. Respir 
Med 101:779-785

6. Tromp WF, van der Lee JH, Offringa M, Bouts 
AH, Collard L, Cransberg K, Van Damme-
Lombaerts R, Godefroid N, Van HK, Koster-
Kamphuis L, Lilien MR, Raes A, Groothoff 
JW (2011) Lessons learned from efforts to 
improve the quality of care in children with 

end-stage renal disease in the Netherlands 
and Belgium. Arch Dis Child

7. Schwartz GJ, Munoz A, Schneider MF, Mak 
RH, Kaskel F, Warady BA, Furth SL (2009) 
New equations to estimate GFR in children 
with CKD. J Am Soc Nephrol 20:629-637

8. Update on the 1987 Task Force Report 
on High Blood Pressure in Children and 
Adolescents: a working group report from 
the National High Blood Pressure Education 
Program. National High Blood Pressure 
Education Program Working Group on 
Hypertension Control in Children and 
Adolescents (1996) Pediatrics 98:649-658

9. Boehm M, Winkelmayer WC, Arbeiter K, 
Mueller T, Aufricht C (2010) Late referral to 
paediatric renal failure service impairs access 
to pre-emptive kidney transplantation in 
children. Arch Dis Child 95:634-638

10. Tsai HL, Yang LY, Chin TW, Wang HH, Liu CS, 
Wei CF, Chang JW (2010) Outcome and risk 
factors for mortality in pediatric peritoneal 
dialysis. Perit Dial Int 30:233-239

11. Chan KS, Keeler E, Schonlau M, Rosen M, 
Mangione-Smith R (2005) How do ethnicity 
and primary language spoken at home 

147



8

affect management practices and outcomes 
in children and adolescents with asthma? 
Arch Pediatr Adolesc Med 159:283-289

12. Groothoff JW, Offringa M, Van Eck-Smit BL, 
Gruppen MP, Van De Kar NJ, Wolff ED, Lilien 
MR, Davin JC, Heymans HS, Dekker FW 
(2003) Severe bone disease and low bone 
mineral density after juvenile renal failure. 
Kidney Int 63:266-275

13. Roe S, Cassidy MJ (2000) Diagnosis and 
monitoring of renal osteodystrophy. Curr 
Opin Nephrol Hypertens 9:675-681

14. Fletcher S, Jones RG, Rayner HC, Harnden 
P, Hordon LD, Aaron JE, Oldroyd B, 
Brownjohn AM, Turney JH, Smith MA 
(1997) Assessment of renal osteodystrophy 
in dialysis patients: use of bone alkaline 
phosphatase, bone mineral density and 
parathyroid ultrasound in comparison with 
bone histology. Nephron 75:412-419

148







lEssons lEarnEd FroM EFForts to iMProvE thE Quality 
oF carE in childrEn With End-stagE rEnal disEasE in thE 

nEthErlands and BElgiuM

Wilma F. tromp1, Johanna h. van der lee2, Martin offringa2, antonia h.M. Bouts1, laure 
collard3, karlien cransberg4, rita van damme-lombaerts5, nathalie godefroid6, koen van 

hoeck7, linda koster-kamphuis8, Marc r. lilien9, ann raes10, and Jaap W. groothoff1

departments of Pediatric nephrology: 1 Emma children’s hospital academic Medical center amsterdam, the 
netherlands; 3 centre hospitalier universitaire de liège, Belgium; 4 sophia children’s hospital Erasmus Mc 

rotterdam, the netherlands; 5 university hospital leuven, Belgium; 6 hopital universitaire des Enfants reine 
Fabiola Brussels and université catolique de louvain, Belgium; 7 university hospital antwerp, Belgium; 8 

radboud university nijmegen Medical centre, the netherlands; 9 Wilhelmina children’s hospital university 
Medical center utrecht, the netherlands; 10 university hospital ghent, Belgium;  2 department of Pediatric 

clinical Epidemiology, Emma children's hospital academic Medical center amsterdam, the netherlands

archives of disease in childhood: 2011, July 27



9

152



9

Quality improvement research strives to bridge the gap between ideal and actual care.1 
Many pediatric diseases are rare, and thus there is by far insufficient evidence to define 
‘ideal care’. Low prevalences and generally small patient numbers in centers in which 
children with rare diseases are treated create considerable barriers for clinical studies 
and for the development of evidence based guidelines. As a consequence, most existing 
guidelines are derived from studies in adults and lack any pediatric evidence.2 Here we 
focus on pediatric end stage renal disease (ESRD) as an example of a clinical field in which 
these challenges are encountered. 

Contrary to the situation in adults, ESRD in children is a rare disorder: in the western 
world, the yearly incidence rate of ESRD in patients < 19 years of age is about 6-8 per 
million age related population. On a population of 3.9 million people < the age of 20 years 
in the Netherlands3 and 2.5 million in Belgium,4 this implies on average about 30 new 
patients per year in the Netherlands and 20 in Belgium. In order to maintain acceptable 
travel distances to the dialysis center, patients can choose between several, consequently 
all very small dialysis centers, of which there are 4 in the Netherlands and 6 in Belgium. 
ESRD in children is a serious and life-threatening disorder. Data on long term outcomes 
show that overall mortality in young adults is about 30 times increased.5;6 The risk for 
cardiovascular death in these patients is increased more than 100 times.7 In survivors, 
juvenile ESRD has an important impact on somatic and psychosocial functioning in adult 
life: over 40% of the adult survivors of ESRD in children suffer daily from somatic co-
morbidity and about 20% are severely disabled.6;8 As compared to the general population, 
these patients are significantly lower educated, more dependent in daily functioning and 
twice as often unemployed.9 Despite all progress that has been made in the quality of 
chronic renal replacement therapy (cRRT), recent data on children on cRRT suggest that 
most of the long term outcomes may still be applicable to the current population.10;11 Until 
the start of the RICH-Q project (Renal Insufficiency in Children- Quality assessment and 
improvement), no structural collaboration existed between these centers and there was 
no consensus on general guidelines with respect to dialysis treatment. 

These days, also in pediatric nephrology, registries are emerging, mainly with the aim 
to provide a platform for observational studies and outcomes research.12;13 However, most 
ESRD registries are limited to only one type of cRRT modality such as (peritoneal) dialysis 
or transplantation. As far as we know, none of the existing registries in the pediatric 
ESRD field serve as a basis for network collaboration with regular data comparison, peer 
discussions and quality improvement. This concept has proven to be successful in other 
international pediatric networks that strive for quality improvement, e.g. in neonatology, 
inflammatory bowel disease and cardiology14-17. 

RICH-Q started in 2007 as a collaborative project of all Dutch and Belgian pediatric 
dialysis and renal transplantation centers with the aim to improve the Quality of Care 
(QoC) for children with ESRD. The aim, methods and early results of the RICH-Q project 
are presented here as an example of a Quality Improvement (QI) project in a rare disease. 
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MEthods

initiation rich-Q study 
After the RICH-Q study was discussed with all Dutch and Belgian pediatric nephrologists, 
and they agreed to work together, the Dutch Kidney Foundation provided financial support 
covering the main costs of the project’s organization. In October 2007, the project started 
with the participation of all 4 Dutch and 5 Belgian centers for pediatric cRRT. In 2009, a 
new Belgian center started cRRT in children and joined the RICH-Q group. Ethical approval 
was given by the ethical boards of all participating hospitals and written informed consent 
was received from all participants and their parents on the required issues. Panel 1 lists the 
guiding principles on which the RICH-Q project is based.

rich-Q database
All pediatric patients on chronic dialysis and all patients aged <19 years who were 
transplanted pre-emptively from October 2007 onwards, are eligible for inclusion in 
the RICH-Q registry. In an online database, developed and maintained according to the 
standards of Good Clinical Practice, anonymized data on therapy characteristics and 
outcomes are registered. The RICH-Q database is comprehensive; details of the treatment, 
e.g. dialysis schedule, medication and outcome parameters, e.g. calcium- and phosphate 
levels, left ventricle hypertrophy, etcetera are registered. Continuous data collection is 
performed by local staff members of the 10 treatment centers, after an extensive training 
by an experienced research nurse. Online data extraction forms, built with SPSS Dimensions 
software, are filled in for each included patient four times per year. Part of the research 
budget is used to reward data collection by financial compensation, to foster continuous 
data acquisition. An independent research institute (Hans Mak Institute, Naarden, the 
Netherlands) regularly checks these data for missing values and deviations. Further data 
monitoring is performed by independent research nurses of this research institute, who 
check a random sample of 20% of all completed data extraction forms with the local 
data from patient records. Health related quality of life and psychosocial well-being 
of the participating children is assessed by validated instruments and parent and child 
questionnaires twice a year. 

Panel 1. rich-Q guiding principles 
 » Collaboration takes place in an open, interactive, non-competitive atmosphere
 » Centers  have access to overall data from the Good Clinical Practice database on 

treatment characteristics and health outcomes in which all dialysis and renal trans-
planted patients of the participating centers are included

 » Centers share all data on policy and outcomes with each other
 » Working groups with representatives of all centres will define quality indicators 

based on the latest available evidence
 » Data are available to all participants who aim to start an add-on study. 
 » No center will be forced to change its policy by the RICH-Q group.
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treatment policies
At onset of the study, current local treatment policies were surveyed by an in depth 
questionnaire. This questionnaire was developed with input from all participating pediatric 
nephrologists to ensure content validity. It includes questions on the management of 
hemodialysis (HD), peritoneal dialysis (PD), transplantation (Tx) and the initiation of cRRT. 

Feedback and rich-Q meetings
Since June 2009 all participating centers have on-line access to fortnightly updated 
information on specific variables for their own center in comparison with the mean of that 
particular variable of all participating centers, e.g. percentages of patients within normal 
values, above the upper and below the lower limits for serum calcium and phosphate 
levels, number of peritonitis in patients with PD. Twice a year all participants meet in 
“advisory board meetings”. The following topics are among those addressed in these 
meetings: 1. Differences between treatment policies in the centers, 2. Current status of 
targets for selected quality indicators, e.g. serum calcium and phosphate, blood pressure, 
3. Establishment of a priority list of potential quality indicators 4. Composition of special 
working groups on specific topics, e.g. cardiovascular disease, peritoneal dialysis adequacy, 
nutrition and growth, transplantation. The latest available research evidence from the 
literature on important outcomes from the priority list is discussed. For each outcome it is 

Table 1. Number of patients registered in the RICH-Q project on August 1, 2010 by 
treatment modality at the time of inclusion.

Centre

Patients treated 
with cRRT  

at start RICH-Q
New cRRT patients

since June 2008 Total number of 
registered patients 

per centreHD PD HD PD Tx*

NL-1 3 10 3 7 7 30
NL-2 9 7 5 10 6 37
NL-3 8 5 4 7 5 29
NL-4 14 10 4 4 7 39
Total NL 34 32 16 28  25 135
B-1 3 2 1 1 1 8
B-2 0 8 0 3 3 14
B-3 7 5 2 1 1 16
B-4 8 4 2 1 3 18
B-5 2 5 0 1 0 8
B-6 0 1 0 0 0 1
Total B 20 25 5 7 8 65

RICH-Q Total 54 57 21 35 33 200

cRRT = chronic Renal Replacement Therapy, HD = hemodialysis, PD = peritoneal dialysis, Tx 
= transplantation, NL = the Netherlands, B = Belgium, *Only pre-emptive transplantations 
are included; prevalent patients who had been transplanted before October 2007 were 
not included.
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decided by consensus whether this outcome should serve as a quality indicator or whether 
more (literature) research is necessary. 

the rich-Q database
On August 1st 2010, 200 patients on cRRT had been included; 135 in the Netherlands and 
65 in Belgium (Table 1). Treatment modality at inclusion in the registration was PD in 92 
patients, HD in 75 patients and transplantation in 33 patients. The first Renal Replacement 
Therapy (RRT) modality ever was PD in 91 patients (45%), HD in 77 (39%) and pre-emptive 
transplantation in 32 patients (16%). Median [range] age at onset was 10.5 [0-18] years, 
median [range] duration of RRT at start of the study 4.5 [0-209] months.  

activities
Since the start of RICH-Q in 2007, 7 meetings have been held with all participating centers. 
An overview of on-going projects is given in Table 2. There are three main aims, which 
are closely related, i.e. 1) harmonization of practices, including selection of guidelines, 
definition of benchmarks, feedback and comparison of data from all centers, 2) early 
detection of cardiovascular disease, which is the most important negative outcome, and 
3) creating a framework for additional studies. There have been open discussions on the 
differences in certain outcomes between the centers in relation to treatment policies, 
definitions of clinical variables and patient characteristics. Working groups have been 
formed who perform systematic literature reviews to summarize the existing evidence 
for discussion at the advisory board meetings. Systematic reviews and empirical studies 
are performed concerning the validity and reliability of cardiovascular surrogate outcome 
measures in this population. 

Examples of important first results of the project
Example 1. Differences in treatment policies. Treatment policies varied between the nine 
centers participating in the survey in October 2007.  Differences were found in several 
domains, such as the indication for the start of renal replacement therapy, offering of 
home hemodialysis instead of center dialysis and of the preferred first mode of RRT. As 
another example, there appeared to be considerable differences in policies with regard 
to transplantation policy. The minimum accepted donor age varied from 1-5 (median 3) 
years; the maximum accepted donor age varied from 45 to 60 (median 55) years. Some 
centers accept non-heart beating donors and some (sometimes other) accept non-related 
living donors, others do not. Although there is no consensus yet on which policies all 
centers should adopt, discoveries like these are revelations to the clinicians. In Table 3 
some of the policy differences, as well as the actual performed therapies are presented. 
There is now agreement to strive for common, optimal policies.

Example 2. Comparison of guidelines. For the clinical interpretation of calcium 
and phosphate levels, the participating pediatric nephrologists reported two different 
guidelines on which they based their clinical decisions, i.e. normal values from the 
European Society of Pediatric Nephrology and KDOQI guidelines (Kidney Disease Outcome 
Quality Initiative).18;19 Calcium and phosphate levels from the baseline records of all 
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dialysis patients in the RICH-Q cohort were compared to the recommended values in both 
guidelines (Figure 1). This analysis revealed that comparison of clinical data to either one 
of the guidelines can lead to considerable differences in interpretation, with consequences 
for treatment decisions.20 The fact that there is hardly any evidence underlying these 
guidelines makes it challenging to decide what is ‘optimal care’. 

Table 2. RICH-Q subprojects.

Aim Project Process  Result and Product

Harmonization 
of management 
policies  

Comparison of 
treatment policies

Survey treatment 
policies in all centers 
at baseline

Comparison with 
existing guidelines

Information on 
unwanted variation in 
treatment policies

Assessment of the gap 
between actual care 
and guidelines

Identification and 
prioritisation of 
guidelines and setting 
of benchmarks 

Systematic review

Consensus procedure 
on which guidelines to 
implement

Set benchmarks

Implementation of 
guidelines 

Assessment of the gap 
between actual care 
and guidelines and 
benchmarks 

Feedback of clinical 
data compared to data 
from other centers 

6-monthly meetings of 
pediatric nephrologists 

In depth review of 
clinical data

Insight in clinical data 

Insight in variation 
between centers

Consensus on best 
practice

Early 
detection of 
cardiovascular 
disease

Identification of 
relevant and valid 
outcome measures

SR on validity of 
Pulse Wave Velocity 
(PWV) measurement 
instruments
Reproducibility study 
PWV
Reproducibility study 
heart ultrasound to 
detect Left Ventricle 
Hypertrophy

Information on 
optimal measurement 
instrument for PWV

Improved standards 
for assessing heart 
ultrasound

Creating a 
framework for 
studies

Assembling 
information on 
patients from all 
centers 

Good Clinical Practice 
database 
Quality of Life 
questionnaires
Add-on studies, e.g. 
Body Composition 
Monitor

Extended prospective 
data available for 
analysis with increased 
statistical power
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9 Figure 1. Proportions of the RICH-Q study population (n = 150 dialysis patients) with 
serum calcium (A) and phosphate (B) levels above and below the standards set by the 
KDOQI and ESPN guidelines.

Table 3. Variation in treatment policies between the RICH-Q centers.

Reported policy (October 2007)
Actual (first) treatment in all centers
(1990 – 2010) n=200

Preferred first cRRT
if Tx is not possible

4 centers: PD
4 centers: HD
1 center: HD or PD

Tx: 32 (16%)
PD: 91 (46%)
HD: 77 (38%)

Indication start cRRT 
started at GFR
(mL/min/1.73 m2)

<15: 4 centers

<10: 4 centers

“start cRRT never 
solely based on GFR”: 
1 center

Center 1: 10.2 (9.1-22.8)
Center 2: 12.3 (5.7-21.9)
Center 3: 11.8 (2.8-21.4)
Center 4: 11.0 (8.5-25.1)
Center 5: 10.4 (7.2-25.4)
Center 6:   9.4 (2.6-28.5)
Center 7: 11.8 (5.2-24.4)
Center 8: 12.9 (5.1-29.9)
Center 9: 11.8 (5.2-26.0)

Home hemodialysis “possible” in 6 
centers

3 centers

non heart-beating 
donor Tx

“yes”: 3 centers
“no”: 6 centers

*

non-related living 
donation Tx

“yes”: 5 centers
“no”: 4 centers

*

cRRT = chronic Renal Replacement Therapy, HD = hemodialysis, PD = peritoneal dialysis, Tx = 
transplantation, GFR = glomerular filtration rate, * Insufficient specific information available.
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discussion
This article gives an example of the start and early results of a collaborative QI approach 
in a rare disease, i.e. pediatric ESRD. The RICH-Q project is an example of a group of 
clinicians working in separate centers with very small numbers of seriously ill patients 
who now collaborate to improve the quality of care in the virtual absence of population-
specific evidence. The generation of evidence for the management of rare diseases is 
hampered by extremely small sample sizes. Due to the small numbers of patients in small 
centers it is often not possible to investigate treatment efficacy in an experimental setting. 

In the current absence of pediatric-specific evidence, pediatric nephrologists have to 
assess whether the evidence generated in adults with ESRD is generalizable to children. This 
is a complex process, which needs to be reassessed and updated regularly.  Collaborative 
projects such as RICH-Q offer an opportunity to set research priorities, decide on the 
utility of adult evidence and foster implementation of treatment guidelines that contain a 
mixture of consensus based and evidence based recommendations.

This multicenter QI project started by identifying unwanted variation in treatment 
policies across the 9 centers at onset of the study, and currently 10 hospitals providing 
cRRT in the Netherlands and Belgium. Further regular feedback of information and focus 
group discussion is expected to lead to more uniformity in clinical policies. Also, in the 
6 monthly Advisory Board meetings consensus on the choice of quality indicators is 
achieved. These quality indicators, or benchmarks, will be used to assess the QoC at the 
onset of the project by evaluation of benchmark adherence of the clinical data from the 
patient registry. QoC at study onset will be compared with the results after 3 years of 
RICH-Q’s process of feedback and peer reviewing to measure QoC change.

In conclusion, this paper provides an overview of the first results of a promising initiative 
in which collaborative efforts provide an opportunity of QI for the benefit of children with 
a rare disease, in this case ESRD in the absence of population-specific evidence. 
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The main objective of this thesis is to evaluate the current quality of care (QoC) for children 
with end-stage renal disease (ESRD) in the Netherlands and Belgium and to present a new 
approach for improvement of this QoC for children with ESRD. The Institute of Medicine 
defines quality of health care as ‘the degree to which health services for individuals and 
populations increase the likelihood of desired health outcomes and to which they are 
consistent with current professional knowledge’1. 

In line with this definition we have used a stepwise approach to reach our goal. As 
a first step, we reviewed the volume, validity and relevance of the existing international 
guidelines for paediatric chronic renal replacement therapy (cRRT) and of the most 
frequently used diagnostic tool for establishing vascular disease in ESRD patients, the 
Pulse Wave Velocity (PWV). 

Second, we analyzed the current treatment policies of all Dutch and Belgian centres 
for cRRT and compared these with the international guidelines’ recommendations and 
with the actually delivered care in these centres. Patients’ health outcomes are part of 
these analyses. We focused at one specific area of treatment variation: care for children of 
parents of non-Western background (immigrants).

Finally, we describe the first results of the RICH-Q project (Renal Insufficiency in 
Children- Quality assessment and improvement), an initiative which aims to improve QoC 
by close and structured collaboration of all Dutch and Belgian centres for paediatric cRRT. 

In this chapter we will discuss the consequences of the most important results for 
clinical practice and present recommendations for the research agenda. The main results 
of the work presented in this thesis are summarized in the panel.

Main rEsults oF thE thEsis. 
1. Existing guidelines for cRRT in children are almost exclusively based on expert 

opinion or consensus, while evidence is lacking.
2. Current devices that measure Pulse Wave Velocity are unreliable tools in the clini-

cal evaluation of vascular disease in children with end-stage renal disease.
3. Treatment policies in the Dutch and Belgian centres for cRRT in children show 

important differences which may have impact on treatment outcomes in these 
children.

4. Children with ESRD of parents of non-Western background, treated in the Neth-
erlands or Belgium, receive a different treatment and have less favourable health 
outcomes than children of native parents. The reason for these differences in treat-
ment and outcome is unclear.

consequences
Our observations imply that, given the same clinical condition, management depends on 
in which centre a child with ESRD is treated, e.g. at what estimated Glomerular Filtration 
Rate cRRT is initiated, what cRRT treatment modality is given to the patient, and how strict 
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the lifestyle recommendations are. It means that optimal and suboptimal management 
strategies may be applied in children with otherwise similar conditions and clinical problems. 
This is remarkable in two highly organized countries with a highly qualified medical care 
system, and may jeopardize health outcomes for these children. If these disparities exist 
in these two countries, they may also exist in other European countries and around the 
world. Suboptimal management strategies may well deteriorate the course of disease as 
well as the quality of life in these children. Obviously, many of the differences in patient 
care that we found, such as the significant differences in choice of dialysis modality and 
lifestyle recommendations, have various different important psychosocial implications for 
patient and caretakers. To what extent these differences also affect patient outcomes 
is more difficult to assess as empirical research relating management choices to health 
outcomes in this field is scarce, demonstrated by our finding that over 95% of the existing 
guidelines for paediatric cRRT are opinion derived and not based on clinical evidence. The 
lack of a solid scientific ground for the existing guidelines may also be an explanation for 
the remarkable deviations of the local policies from the recommendations as stated in 
these guidelines, and also for the deviations in daily practice in most units from their own 
stated treatment policies that we found.

We focused at one specific area of treatment variation: care for children of parents of 
non-Western background (immigrants). The policy of all participating centres in our study is 
to advocate (pre-emptive) Living Donation (LD) transplantation (Tx) as most advantageous 
to all patients. Patients from non-western immigrant parents received less often these 
most favourable modes of renal transplantation, i.e. pre-emptive and LD transplantation 
than native children. This relatively low number of LD transplantations in immigrants is 
most likely due to a reluctance of non-Western immigrant parents to donate as compared 
to native parents. A cultural barrier, different beliefs and attitudes towards donation, 
but also misunderstandings and miscommunication between patient or caretakers and 
physician may play a role. We also found that immigrant children had more chance for 
undergoing an acute rejection, independent from the mode of transplantation. This may 
also be related to cultural factors and language difficulties, a different awareness of living 
with a chronic disease or simple misunderstandings between patient and doctor resulting 
in on average less adherence to the therapy, and, consequently, more rejections. However, 
in our study most rejections occurred shortly after transplantation during a period of 
regular hospital visits according to a protocol, and, although we had no reliable tools to 
measure patient compliance, the occurrence of rejections so soon after transplantation 
makes non-compliance as an important cause of acute rejection less likely. Instead, 
biological factors may play a role. Yet, we found no differences in primary disease between 
immigrant and native children. If transplanted with a kidney from a Deceased Donor 
(DD), immigrants had significantly more HLA mismatches on the Dr locus, but this did 
not influence the lower rejection free survival in immigrants. Whether other genetically 
determined, pharmacokinetic or immunological differences might have influenced the 
higher rejection frequency in immigrant children remains to be elucidated. 

Remarkably, immigrant children received more often hemodialysis (HD) as first mode 
of cRRT instead of peritoneal dialysis (PD) compared to native Dutch and Belgian children, 
and spend a longer time on dialysis prior to transplantation. The two major adverse 
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outcomes found in our study on immigrant patients on dialysis, i.e. the relatively high 
peritonitis and renal osteodystrophy incidence, share a common important feature with 
all possible adverse outcomes, which is that prevention of these complications depends 
heavily on therapy adherence and a disciplined lifestyle of the patient.  

Data on measurement validity and reproducibility of devices to measure PWV in adults 
and children are poorly reported. As a matter of fact, adequate validation studies are 
often lacking or have not been performed to the modern standards. The results of our 
two reproducibility studies on devices to measure PWV both indicate that these devices 
cannot be seen as reliable tools for use in clinical practice in the evaluation of vascular 
disease in children with ESRD. We found that measurement errors are often larger than 
the expected ‘real change’ in PWV over time, with the consequence that ‘real change’ 
in PWV cannot be distinguished from measurement error. Because the reproducibility is 
insufficient, the measurement technique is not suitable to monitor PWV changes over 
time in individual children with ESRD,. This does not mean that the measurement of PWV 
is unsuitable for use in clinical studies as it can still be used for longitudinal or comparative 
studies including sufficiently large groups of patients. The most important conclusion of 
our study remains that more attention should be paid to proper validation of devices and 
reproducibility studies. 

implications for clinical practice
 » Work within focus groups to enhance quality of care. Close national and interna-

tional collaboration between treatment units for paediatric cRRT on a continuous basis 
with structured and continued peer discussions on treatment protocols and evaluation 
of patient outcomes is necessary to lay the foundations for progress in this field. First, 
care could be brought to the next level by sharing insights and protocols. Contrary to 
the situation in adults, ESRD in children is a rare but serious and life-threatening disor-
der with a high overall mortality and morbidity. There are about 30 new patients aged 
< 19 years with ESRD per year in the Netherlands and 20 in Belgium. Patients are cared 
for in one of 10 small dialysis centres, of which there are 4 in the Netherlands and 6 in 
Belgium. Concentration of care to 1 or 2 centres per country introduces the problem 
of long daily travelling for chronic dialysis patients and is therefore not an attractive 
option. The only solution to improve the QoC in these patients is a close and struc-
tured collaboration between these units. In RICH-Q a group of clinicians who work in 
separate centres with very small numbers of seriously ill patients now collaborate on 
a continuous basis to improve the QoC in the virtual absence of population-specific 
evidence. This cooperative way of working increases the shared professional experi-
ence, promotes exchanges of experiences and offers at the same time an opportunity 
to generate more evidence for the management of rare diseases by increasing the 
number of study objects. Recently, a German centre has joined the RICH-Q group. 
Evaluation of the project over the next years will show whether this method indeed 
has lead to a more harmonized treatment of cRRT in children with a better outcome.

 » Increase the number of pre-emptive Tx in all centres for cRRT in the Netherlands 
and Belgium. Despite the fact that all centres for cRRT in the Netherlands and Belgium 
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stated that pre-emptive Tx is the preferred modality of RRT when RRT needs to be initi-
ated, this was realized in only 23% of patients.

 » Foster a system for national validation and local implementation of new 
knowledge. Current guidelines need to be adjusted in time and on time, another 
avenue of national and international collaboration. Example: While current guidelines 
for topical mupirocin prophylaxis to prevent exit site infections and peritonitis in pae-
diatric cRRT are contradictory, recently large studies showed the preventive effect of 
local mupirocin prophylaxis and therefore the prophylactic use of mupirocin on the 
exit site needs to be implemented in clinical practice. As guidelines that are available 
for management of chronic dialysis in children are not based on empirical research evi-
dence, and quality indicators or benchmarks are lacking, this is a first priority.

 » Make new clinical practice guidelines more effective. The development process, 
the validity and importance of the recommendation for practice, and the potential 
problems and barriers for implementation in clinical practice should be described. 
Such guidelines should be published in international literature and become available 
to all paediatric nephrologists and associated disciplines in the world.

recommendations for future research
1. Identify areas for improvement of QoC, set research priorities. To improve the 
QoC for patients with rare diseases such as paediatric ESRD, with the virtual absence of 
population-specific evidence, novel collaborative approaches are urgently needed. First, out 
of the many issues open for empirical studies, a priority list for the current research 
agenda need to be developed. Collaborative projects such as RICH-Q offer an opportunity 
to set research priorities, decide on the utility of adult evidence and foster implementation 
of treatment guidelines that contain a mixture of consensus based and evidence based 
recommendations. With such an agenda, the collaboration of treatment centres in designing, 
conducting, reporting, and implementing study results will be instrumental. 

From the results of the studies presented in this thesis, priority topics for further 
research concerning the improvement of QoC for children with ESRD are:
 » With respect to PD catheter care, long term follow up studies generating data on PD 

catheter care and health outcomes, i.e. peritonitis incidence and PD catheter survival, 
will show whether it is useful and cost-effective to strive for stricter guideline adher-
ence or whether the existing recommendations need adjustment.

 » With respect to HD frequency prescriptions, the association of dialysis frequency 
and important health outcomes such as quality of life and survival needs to be studied 
in observational studies and probably experimental designs as well.

 » Reasons for adverse outcomes in non-western immigrants have to be explored. 
Potential biological (genetic profile, pharmacokinetics) as well as social and cultural 
aspects have to be investigated.

 » The impact of treatment modality switches on short term and longitudinal assess-
ment of HRQoL (as included in the design of the RICH-Q study) should be studied in 
prospective cohort studies. 
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2. Reduce cardiovascular disease in children with ESRD. As discussed in Chapters 
3, 4 and 5, cardiovascular disease is the most important cause of death in patients with 
paediatric cRRT. Left Ventricular Hypertrophy (LVH) assessment by heart ultrasound and 
PWV are frequently used tools to assess cardiovascular disease in studies on children 
with ESRD. However, our data show that PWV has far more drawbacks than is generally 
believed. In fact PWV is too unreliable to be used for detecting vascular disease in a clinical 
setting in children with ESRD. At the same time, another current RICH-Q study found that 
no data exist on the validity of LVH assessment in children with ESRD by heart ultrasound.

From the results of the studies presented in this thesis, priority topics for further 
research concerning the assessments methods for cardiac disease are:
 » If new device are developed to measure PWV adequate validation studies must be 

performed and clearly reported before the devices can be used for research or clinical 
purposes. 

 » PWV reproducibility studies. These  need to  include a clear report of the methods 
of the reproducibility study, the number of observers, the number of measurements 
and the time period between the measurement, the number of studied individuals and 
a description of the study population, etc. (as described in detail in chapter 3)

 » Heart ultrasound validation studies. The currently used methodology in heart ul-
trasound and new adjustments to this technique, like Tissue Doppler Investigation, 
need to be validated for children with ESRD.
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suMMary
This thesis describes the current management and outcomes of care for children with End-
Stage Renal Disease (ESRD) in the Netherlands and Belgium. 

Chapter 1 provides a general introduction on ESRD and its most important consequences 
on the short and long term. The RICH-Q project (Renal Insufficiency in Children- Quality 
assessment and improvement) is introduced. This project started in 2007 as a collaborative 
initiative of all Dutch and Belgian paediatric dialysis and renal transplantation centres. 
It aims to improve the quality of care (QoC) for children with ESRD by peer review and 
plenary discussion of prospectively recorded data on treatment characteristics and physical 
and psychosocial health outcomes applying the latest scientific evidence and guidelines 
on cRRT in children. In line with the aim of the RICH-Q project, the main objective of this 
thesis is to study the current quality of care (QoC) for children with ESRD and to present a 
new approach for improvement of this QoC for this specific group of children.

Chapter 2 presents a systematic review on all current published guidelines for the 
management of chronic dialysis in children. Guidelines were retrieved by searching 
PubMed and websites of organizations known to produce guidelines for patients with 
ESRD. We also asked 12 paediatric nephrology societies from all over the world which 
guidelines they use and recommend, and if we had missed any guidelines. Four reviewers 
independently analyzed the quality of all identified guidelines using a slightly modified 
version of the Appraisal of Guidelines for Research and Evaluation (AGREE) Collaboration 
instrument. They also determined the levels of evidence on which the recommendations 
were based. Seventeen guidelines concerning 7 topics were identified, containing 369 
recommendations. None of the guidelines met all quality criteria, 10/17 guidelines met 
less than half of the criteria. Three recommendations were based on randomized clinical 
trials (RCTs) in children, 2 on adult RCTs, 9 on cohort studies in children, 4 on cohort 
studies in adults, and 351 (95%) on expert opinion or consensus. The development 
process of most of these guidelines was poorly reported and only a few quality indicators 
or benchmarks were identified. The lack of evidence based guidelines leads to children 
being treated based on clinical experience or opinion of various different nephrologists in 
different centres. This may mean that substandard treatment exists and may impact on the 
morbidity and mortality of these children. 

Chapters 3 to 5 present three studies concerning Pulse Wave Velocity (PWV), an 
indicator of the cardiovascular condition of ESRD patients. Chapter 3 presents the results 
of a systematic review on the validity, reproducibility, responsiveness, and feasibility of PWV 
measurement instruments in children. We investigated which PWV measurement device 
has the best profile in terms of validity, reproducibility, responsiveness, and feasibility in 
children. Selection of articles and data-extraction were performed by two independent 
reviewers. Reported indices of validity, reproducibility, responsiveness and feasibility of the 
measurement devices were compared in adult and child populations separately. The search 
yielded 3,396 titles; 81 original papers were included in this review. In 16 studies in children 
11 PWV devices (1-5 papers per device) were described; in 65 studies in adults 23 PWV 
devices were evaluated (1-23 papers per device). Only 48% (11/23) of these devices have 
been “validated” by comparison with any other device, and only 22% (5/23) have been 
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compared with an invasive measurement. Due to the variability of methods used and due 
to incomplete reporting, pooling of the results was not possible. The inadequate reporting 
of the clinimetric properties of most devices to measure PWV hampers comparison, and 
impairs the selection of the best device to measure PWV in children.

Chapter 4 describes the results of a study on the intra-observer reproducibility of the 
carotid to femoral Pulse Wave Velocity (PWVcf) measured by the SphygmoCor device in 
children with ESRD. PWVcf was successfully measured twice in 48 patients with ESRD 
6 -18 years of age by a single well-trained investigator during one visit. Intra-observer 
reproducibility was assessed by the Bland-Altman method. The mean PWVcf of all 
measurements was 4.8 m/s, the mean difference [95% Confidence Interval] between 
the repeated measurements was 0.16 [-0.01 - 0.32] m/s, and the Limits of Agreement 
were -0.91 - 1.23 m/s. The results were similar for children 6-10 years of age and for 
children 11-18 years of age. The Intra Class Correlation coefficient was 0.78, the Smallest 
Detectable Change was 1.05 m/s and the Coefficient of Variation was 5.8 %. The 
conclusion of this study was that changes in PWVcf smaller than 1.05 m/s can not be 
distinguished from measurement error in individual children and adolescents. This means 
that the SphygmoCor device is not suitable to monitor changes in PWV over time in 
individual children with ESRD.

In chapter 5 a comparison between the SphygmoCor device and the Vicorder device 
is presented. This cross-sectional study was performed in 38 healthy volunteers (20 men, 
mean age 48 ± 13.1 years). PWVcf was assessed twice by both the SphygmoCor and 
the Vicorder device by a single investigator during one visit. Intra-rater reproducibility 
of each instrument and comparison between the two instruments were assessed by 
the Bland-Altman method. The mean difference [95% Confidence Interval] between 
repeated measurements was 0.09 [-0.20 – 0.38] m/s and 0.24 [-0.55 – 1.03] m/s, for the 
SphygmoCor and Vicorder, respectively. The Limits of Agreement (LoA) were -1.53 – 1.71 
m/s and -4.24 – 4.72 m/s, for the SphygmoCor and Vicorder, respectively. The PWVcf 
measured by the Vicorder was 0.58 [-0.20 – 1.35] m/s higher than the PWVcf measured 
by the SphygmoCor. The LoA between the two instruments were -3.50 – 4.66 m/s. These 
LoA are considered too wide for using this technique reliably in longitudinal follow-up 
studies in adults or in children.

Chapters 6 to 8 are concerned with variations in care between various centres providing 
renal replacement therapy for children, and between two groups of patients, i.e. non-
Western immigrants and native children with ESRD. Chapter 6 shows that there was 
considerable variation in treatment policies across the 9 hospitals providing chronic renal 
replacement therapy (cRRT) for children in the Netherlands and Belgium at the start of 
the RICH-Q project. Differences were seen in various fields, e.g. the estimated Glomerular 
Filtration Rate threshold used as indication for initiation of cRRT, preferred initial mode of 
cRRT, peritoneal dialysis catheter care, haemodialysis frequency, and vascular access. These 
findings imply structural differences in patient care with possible consequences for patient 
outcome even within 2 small countries. We also found discrepancies between stated 
treatment policies and actual performed therapies. It is unclear whether these deviations 
are due to practical challenges in adhering to the guidelines, to uncertainty about the 
validity of certain clinical recommendations, or to medical staff members’ unawareness 
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of the centre policies. Yet, these observations imply that it matters in which centre a child 
with ESRD is treated. For instance, the treatment modality provided to the same patient 
would not be the same in different centres. This is remarkable in 2 highly organized 
countries with a highly qualified medical care system, and may jeopardize health outcomes 
for these children. If these disparities exist in these 2 countries, they may also exist in 
other European countries and around the world. This variation of care suggests that there 
may be suboptimal care in some centres, which may have a detrimental influence on the 
course of disease as well as on the quality of life of these children. 

Chapter 7 reports the results of a prospective study on the differences in transplantation 
characteristics and outcomes in immigrant children compared to native Dutch and Belgian 
children. From the 119 children who received their first renal transplantation during the 
RICH-Q study period (September 1st 2007 and January 1st 2011), 41 (34%) were from 
non-Western European origin. As compared to native children, these immigrant children 
had less often pre-emptive transplantations (15% vs. 32%, p = 0.040) and less often a 
transplantation with a kidney from a living donor (24% vs. 59%, p < 0.001). Survival 
analysis in 96 children with at least 3 months follow-up showed an increased risk for acute 
rejection in immigrants adjusted for donor source, duration of dialysis, and number of 
HLA mismatches on the DR locus (HR [95% Confidence Interval] 2.5 [1.1 – 5.9]).

Chapter 8 reports similarly less favourable outcomes for immigrant patients on 
dialysis. In this study, the choice of initial dialysis, post initial treatment and outcomes 
between immigrant and native children on dialysis were compared. 79 of 179 included 
patients (44%) were immigrant children. Compared to native children, immigrant children 
were more often treated with hemodialysis (HD) instead of peritoneal dialysis (PD) as first 
dialysis mode (52% vs. 37% p=0.046). Before receiving a renal transplant, immigrants 
were on HD for median (range) 16.8 (0.6-106.0) months compared to 6.5 (0.1-.66.2) 
months in native children (p=0.003). Renal osteodystrophy was diagnosed in 34% of the 
immigrants vs. 18% of natives (p =0.028). The Incidence Rate Ratio for acute peritonitis 
during PD was 2.24 (p=0.032) for immigrants compared to native children. The conclusion 
of Chapter 8 is in line with that of Chapter 7. Immigrant children with ESRD, either 
after transplantation or on dialysis, are treated differently than natives, and their health 
outcomes are less favorable.

Chapter 9 gives an overview of the RICH-Q project including a few early results of the 
quality improvement (QI) process. One of the results presented in this chapter, which has 
not been reported in the previous chapters of this thesis, is the use of different guidelines 
for the interpretation of calcium and phosphate levels. The participating paediatric 
nephrologists reported two different guidelines concerning calcium and phosphate levels 
on which they based their clinical decisions. The calcium and phosphate levels from the 
baseline records of all dialysis patients in the RICH-Q cohort were compared with the 
recommended values in both guidelines. Comparison with each of the guidelines led to 
considerable differences in the interpretation of identical calcium and phosphate levels, 
with consequences for treatment decisions. Harmonization of treatment policies with the 
use of unequivocal, preferably evidence-based, guidelines therefore remains an important 
aim of the RICH-Q project. 

175



11

saMEnvatting
Dit proefschrift beschrijft de behandelstrategieën en uitkomsten van de zorg voor kinderen 
met terminale nierinsufficiëntie in Nederland en België. 

Terminale nierinsufficiëntie op de kinderleeftijd is een ernstige aandoening. Kinderen 
met deze aandoening zijn voor hun overleving afhankelijk van nierfunctievervangende 
therapie, dialyse of niertransplantatie. Ondanks deze therapeutische mogelijkheden is de 
kans om op jonge leeftijd te overlijden sterk verhoogd en hebben patiënten die de volwassen 
leeftijd bereiken veel bijkomende ziekten. Terminale nierinsufficiëntie bij kinderen is ook een 
zeldzame aandoening. Ieder jaar komen in Nederland ongeveer 30 nieuwe kinderen onder 
de 18 jaar in aanmerking voor dialyse of transplantatie. Toch worden chronische dialyse en 
niertransplantatie voor kinderen in Nederland in 4 en in België in 6 centra aangeboden, 
mede om de reisafstanden naar de centra voor de patiënten acceptabel te houden. Tussen 
deze centra bestond tot voor kort geen structureel inhoudelijk overleg. Ook bestonden er 
geen landelijke protocollen of richtlijnen over dialysebehandeling bij kinderen of over de 
behandeling na transplantatie. Om die reden besloten de kindernefrologen uit Nederland 
en België in september 2007 samen te gaan werken in een project, dat tot doel had 
de kwaliteit van nierfunctievervangende therapie bij kinderen te verbeteren: het project 
Renal Insufficiency therapy in CHildren: Quality assessment and improvement (RICH-Q). 
Dit gebeurt door centrale registratie en periodieke terugkoppeling naar de behandelend 
artsen van gegevens over behandeling en uitkomsten van alle kinderen met chronische 
nierfunctievervangende therapie in Nederland en België. Die terugkoppeling vindt plaats 
tijdens halfjaarlijkse plenaire bijeenkomsten van alle deelnemende centra. Aan de hand 
van discussies over de verschillen in manier van behandeling en behandelingsuitkomsten 
wordt er naar de ‘best practice’ gezocht en ernaar gestreefd de therapie bij deze kinderen 
meer te harmoniseren. Tevens wordt op die bijeenkomsten de agenda bepaald voor 
onderwerpen die verder onderzoek behoeven.

Aansluitend op de doelstellingen van het RICH-Q project, is het doel van dit proefschrift 
de huidige kwaliteit van zorg voor kinderen met terminale nierinsufficiëntie in Nederland 
en België in kaart te brengen en suggesties voor verbetering aan te dragen.

Na de inleiding van dit proefschrift in hoofdstuk 1, laten we in hoofdstuk 2 de resultaten 
zien van een systematisch literatuuronderzoek waarin alle bestaande richtlijnen voor de 
behandeling van dialyse op de kinderleeftijd verzameld en beoordeeld werden. Er zijn 17 
richtlijnen gevonden waarin een of meer aanbevelingen werden gedaan voor de zorg voor 
kinderen aan de dialyse. Deze richtlijnen bevatten in totaal 369 aanbevelingen. Slechts 7 
% van al deze aanbevelingen zijn gebaseerd op wetenschappelijk bewijs (evidence based). 
Op dit gebied bestaat er dus grote behoefte aan verbetering en daarom worden er door 
de RICH-Q werkgroepen nieuwe, waar mogelijk evidence based, richtlijnen opgesteld.

Binnen het RICH-Q project is er bijzondere aandacht voor hart- en vaatziekten, aangezien 
die de belangrijkste doodsoorzaak zijn bij kinderen met terminale nierinsufficiëntie. Vroege 
opsporing en behandeling van hart- en vaatziekten is derhalve belangrijk om de prognose 
van deze kinderen te verbeteren. Het meten van de Pulse Wave Velocity, een veel gebruikte 
en bij volwassen nierpatiënten geadviseerde, niet-invasieve, pijnloze en gemakkelijk 
toepasbare methode om ziekte van de bloedvaten te detecteren, leek daarvoor een goede 
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methode. De hoofdstukken 3, 4 en 5 gaan over deze onderzoeksmethode. In hoofdstuk 
3 worden de resultaten van een systematisch literatuuronderzoek beschreven over alle 
studies over de validiteit van PWV. Er werden gegevens verzameld over de betrouwbaarheid, 
d.w.z. de mate van herhaalbaarheid van metingen door 1 persoon en door verschillende 
personen, en over de uitvoerbaarheid bij kinderen. Het onderzoek geeft een goed overzicht 
van alle apparaten die er zijn, inclusief alle methodologische kenmerken, maar geen van 
de onderzochte apparaten voldeed aan de vereiste kwaliteitseisen m.b.t. betrouwbaarheid 
en toepasbaarheid bij onze specifieke populatie. De hoofdstukken 4 en 5 gaan over de 
resultaten van 2 betrouwbaarheidsonderzoeken van PWV-metingen die wij zelf hebben 
uitgevoerd. In hoofdstuk 4 laten we zien dat de meting onvoldoende betrouwbaar is voor 
gebruik in individuele kinderen met terminale nierinsufficiëntie en hoofdstuk 5 gaat over 
de betrouwbaarheid van twee verschillende apparaten in een ‘volwassen’ populatie. Geen 
van deze twee apparaten bleek bruikbaar voor het beoogde onderzoek, namelijk het 
vervolgen van de vaatwandstijfheid in individuele kinderen in de tijd. In andere projecten 
binnen RICH-Q wordt daarom op dit moment naar andere cardiovasculaire uitkomstmaten 
gezocht. 

Door de samenwerking in de RICH-Q studie is gebleken dat er aanzienlijke verschillen 
bestaan tussen de behandelingsstrategieën in de verschillende centra. In hoofdstuk 6 
worden behandelprotocollen over dialysebehandelingen vergeleken. Deze bleken niet 
alleen per centrum te verschillen, maar ook af te wijken van de bestaande richtlijnen. 
Zelfs de daadwerkelijk uitgevoerde therapieën waren niet in overeenstemming met 
de behandelprotocollen in de centra. Een deel van deze variatie zou verklaard kunnen 
worden door het gebrek aan goede richtlijnen voor de behandeling van deze specifieke 
patiëntengroep, zoals eerder beschreven in hoofdstuk 2. 

In de hoofdstukken 7 en 8 komt een andere belangrijke bevinding aan bod die wij in 
ons cohort hebben gevonden. Er blijken verschillen te zijn in de behandeling en uitkomsten 
tussen kinderen van westerse en niet-westerse afkomst. Hierbij hebben wij een kind als 
niet-westers gedefinieerd als een van beide ouders uit een niet-westers land afkomstig was. 
Hoofdstuk 7 laat zien dat niet-westerse kinderen minder snel getransplanteerd worden 
en daardoor langer dialyse nodig hebben en dat ze minder vaak pre-emptief (dus voordat 
dialyse onvermijdelijk is) worden getransplanteerd. Als zij worden getransplanteerd, is de 
nier minder vaak afkomstig van een levende donor. Verder bleek dat na transplantatie de 
groep kinderen van niet-westerse afkomst een hogere afstotingsfrequentie liet zien dan de 
groep Westerse kinderen. Het is niet duidelijk waardoor deze verschillen precies worden 
veroorzaakt. Hoofdstuk 8 laat dezelfde nadelige uitkomsten zien voor dialysekinderen. 
Bij niet-westerse kinderen bleek vaker te worden gekozen voor hemodialyse, waarbij het 
bloed door een apparaat wordt gevoerd, i.p.v. peritoneaal dialyse, ook wel buikdialyse 
genaamd. Daarnaast hadden de niet-westerse kinderen die peritoneaal dialyse kregen 
vaker peritonitis (buikvliesontsteking) dan de westerse kinderen en hadden ze meer last 
van botafwijkingen die samenhangen met de slechte nierfunctie (renale osteodystrofie). 
Ook voor deze verschillen hebben wij nog geen duidelijke oorzaken kunnen vinden.   

Tot slot wordt in hoofdstuk 9 het RICH-Q onderzoek nog een keer helemaal beschreven, 
met daarbij enkele voorbeelden van de eerste resultaten van het kwaliteitsverbetering 
project. Een voorbeeld dat hier wordt genoemd en dat niet in de overige hoofdstukken 
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van dit proefschrift is beschreven, is het gebruik van verschillende richtlijnen voor de 
behandeling en evaluatie van het calcium- en fosfaatgehalte in het bloed. Binnen de 
RICH-Q groep bleken er 2 verschillende richtlijnen gehanteerd te worden als basis voor 
de dosering van de medicatie. Uit de vergelijking van de bloedgehaltes van calcium en 
fosfaat van onze RICH-Q populatie bleek echter dat het een groot verschil maakt welke 
richtlijn er gebruikt wordt om te beoordelen of het calcium- of fosfaat-gehalte in het 
bloed te hoog of te laag is. Dat betekent dus dat een kindernefroloog bij gebruik van de 
ene richtlijn sneller tot medicamenteuze behandeling over zou gaan dan waneer hij de 
andere richtlijn zou volgen. Het is daarom belangrijk om uniforme behandelprotocollen 
te ontwikkelen, gebaseerd op goede -waar mogelijk evidence based- richtlijnen om de 
uiteindelijke doelstelling van het RICH-Q project, het verbeteren van de kwaliteit van zorg 
voor kinderen met terminale nierinsufficiëntie, te bereiken.
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dankWoord 
Het schrijven van een proefschrift doe je nooit alleen. Dit werk is dan ook tot stand 
gekomen dankzij de hulp en inzet van velen. Bij deze wil ik iedereen bedanken die –in 
welke vorm dan ook– heeft bijgedragen, een aantal mensen wil ik hier in het bijzonder 
noemen.

Allereerst alle patiënten en hun ouders. Zonder jullie geen RICH-Q en dus geen 
proefschrift. Bedankt voor het invullen van de vragenlijsten en voor alle geduld en 
medewerking met de vaatwandstijfheidmetingen in het begin van het onderzoek. Dankzij 
deze metingen heb ik de mogelijkheid gekregen om jullie (levens)verhalen aan te horen. 
De een nog indrukwekkender dan de ander. Ik heb hier ontzettend veel van geleerd en 
een indruk gekregen van de enorme impact van het leven met een nierziekte. Een heftige 
ziekte die niet alleen het leven van het kind met de nierziekte op z’n kop zet, maar ook 
dat van het hele gezin daaromheen. Indrukwekkend. 

Speciaal woord van dank aan de AMC-patiënten en hun ouders. Hoewel Bob de Bouwer, 
het Zandkasteel, de playstation of keiharde “Kris”-dansmuziek (incl. meezingen) niet altijd 
even bevorderlijk zijn voor een goede concentratie, hebben jullie toch de afgelopen vier 
jaren voor het broodnodige stukje klinische betrokkenheid gezorgd, dat ik zo belangrijk 
vind. Dank voor jullie openheid en de gelegenheid mee te mogen kijken in jullie levens. 
De spanning die over de dialyseafdeling gonst als er een transplantatie-aanbod is, de 
blijdschap als de nier ‘het doet’, het verdriet als het niet goed gaat, de verjaardagfeestjes 
en de gewone gezellige kletspraatjes over school; allemaal ingrediënten die hebben 
bijgedragen aan een mooie werktijd. Virgill en ouders, bedankt voor het gebruik van de 
mooie foto!

In de tweede plaats wil ik mijn team van promotor en co-promotores bedanken. 
Martin, promotor, dank voor het bewaken van de schrijftijd, het introduceren en nastreven 
van deadlines en vooral je megahulp bij het schrijven. Ik sta telkens weer versteld van de 
prachtige zinnen die je af en toe tevoorschijn tovert en vind het dus ook een voorrecht dat 
ik onder jouw deskundigheid heb mogen leren schrijven. Het is niet voor niks dat de term 
“Offringa-zinnen” een heus begrip is geworden in onze onderzoekskamer. Jaap, bedenker, 
projectleider en drijvende kracht van RICH-Q. Jouw enthousiasme voor de nefrologie en 
voor RICH-Q, je hart voor de patiënten en je manier van presenteren, zijn aanstekelijk 
en bewonderenswaardig! Wat heb ik veel van je geleerd de afgelopen jaren. Dank! En 
dan Hanneke, vaste rots in de branding, voor jou ook eeuwige roem. Zonder jou had ik 
echt niet geweten wat ik had gemoeten. Niet alleen voor epidemiologische vraagstukken, 
maar voor alles heb jij altijd tijd. En alle tijd voor uitleg, met een engelengeduld, zelfs als 
ik na vier jaar nog beginnersdingen vroeg, nam jij de tijd om dit rustig uit te leggen. Zo 
fijn. En wat een doorzettingsvermogen… zag ik door de 3335 abstracts de SR niet meer, jij 
ging gestaag door... Met resultaat; hopelijk wordt onze boodschap nu ook eindelijk door 
de rest van de wereld gehoord (en geaccepteerd)! 

Leden van de promotiecommissie, prof. van Goudoever, prof. Bos, prof. Blom, prof. 
Dekker, prof. Van Hoeck, prof. Homan van der Heide en prof. Middeldorp, ik wil u allen 
hartelijk bedanken voor uw bereidheid en tijd om zitting te nemen in de promotiecommissie.
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Nikki… onbetwist de volgende die bedankt moet worden. Op het moment dat de 
praktische werkzaamheden voor RICH-Q echt de pan uit rezen en er nog geen artikel 
was gepubliceerd, toen kwam jij… Je vaste antwoord op alle verzoeken “Komt goed”, 
maak je ook echt waar en het motto ‘niet zeuren, maar doen’, lijkt jou echt op het lijf 
geschreven. Super! Je hulp aan het eind, vlak voor de deadline, incl. het editten van de 
gruwelijk lange SR-tabellen en deelname in het kopieer- en perforeerteam, kan natuurlijk 
ook niet onvermeld blijven. Aangezien je hiernaast ook nog eens een supergezellige en 
lieve collega bent, is het 100% logisch dat jij mijn paranimf bent. Esther, ook jij bedankt 
dat je mijn paranimf wilt zijn. Wij hebben elkaar tijdens de studie leren kennen, in het 
bijzonder op de 10 vierkante meter onder het golfplaten dakje in Zambia. Als je iemand 
dan niet goed leert kennen… Nadat we daarna samen de strijd voor de opleidingsplekken 
aangingen (jij de Gyn ik de Kinder), Westerpark beide trouw zijn gebleven en menig 
publicatie gevierd hebben met een borrel bij Pacific, vond ik dat jij de tweede paranimf 
moest worden…

En dan Helga, jij hebt zo ontzettend hard meegewerkt aan het succes van RICH-Q… 
Weet je nog, alle vroege België-ritjes; gezellig samen in de file, hele dagen data-invoeren 
in de meest bizarre kamertjes of posities, met of zonder koffie, vloeiend frans sprekend 
(ahum), cappuccino met slagroom in plaats van melk (bah), samen in 1 kamer in de B&B 
in Gent… Wat een leuke tijd was dat! Uiteraard ook veel dank aan alle andere Hans 
Makkers voor alle inspanningen en de gezellige samenwerking. Els, bedankt voor al je 
tips en adviezen en je enorme steun aan het RICH-Q project! Martijn en Lara dank voor 
jullie eeuwige inspanningen de database telkens weer ietsje handzamer en efficiënter te 
maken. 

Een volgend woord van dank wil ik richten aan alle kinderdialysecentra in Nederland 
en België. Kindernefrologen van de RICH-Q Advisory Board (Brigitte Adams, Karlien 
Cransberg, Tonny Bouts, Laure Collard, Rita Van Damme-Lombaerts, Mieke Van Dijck, 
Nathalie Godefroid, Koen Van Hoeck, Bernd Hoppe, Linda Koster-Kamphuis, Marc Lilien, 
Ann Raes, Nadejda Ranguelov en Christina Taylan) en alle verpleegkundigen in de centra 
(helaas teveel om bij naam te noemen); veel dank voor de gastvrije ontvangst, jullie hulp 
bij data-invoer en met de logistiek van de vaatwandstijfheidmetingen. In het bijzonder wil 
ik hier het AMC-kinderdialyseteam bedanken, mijn vaste ‘thuishaven’. Tilly, Nel, Maaike, 
Rosy, Beverly, Marjon, Willem, Agnes, Marjan, Simone en Susan, allemaal bedankt. Tilly 
ook bedankt voor de materiele ondersteuning van het onderzoek; de voorraad in jouw 
geheime voorraadkast lijkt werkelijk onuitputtelijk.

Naast Jaap en Nikki, wil ik ook graag de rest van de vakgroep kindernefrologie 
bedanken voor de mooie tijd de afgelopen jaren. Tonny, Jean Claude, Sjoerd, Michiel, Rixt, 
Jasper, Valentina, Judith, Mariken, Niels, Christiaan, Maartje, Menco, Ingmar en Nynke, 
met jullie allemaal heb ik prettig samengewerkt, geluncht, menig congres bezocht en veel 
gezellige etentjes en borrels gehad! Judith, kamergenoot; dank voor de gezelligheid, je 
mede-liefde voor de ‘lekkere koffie’, het delen van lief en leed en ook jouw deelname in 
het kopieer-en perforeerteam van vlak voor de deadline. 

Collega-onderzoekers, Reinout, Janine, Gitta en Quirine, bedankt voor een gezellige 
onderzoekstijd! Vergaderingen voor het EKZ-wetenschapssymposium waren eigenlijk 
meteen sociale bijpraat- of borrelaangelegenheden, wat de organisatie alleen maar 
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leuker maakte. Mooi ook dat we de ‘Voetenplein-sessies’ met de dames in stand hebben 
gehouden, puur voor de gezelligheid. Quirine, ik wil van deze gelegenheid gebruik maken 
om jou nog een keer te vertellen wat een TOP-mens je bent. Wat heb ik veel van jou 
geleerd de afgelopen jaren. Zo ontzettend knap hoe jij de afgelopen jaren hebt doorstaan, 
vol doorzettingsvermogen en optimisme en zonder enig gezeur. 

Andere mensen die ik nog wil bedanken zijn Martha Grootenhuis en Lotte Haverman; 
dank voor jullie hulp en begeleiding bij het Kwaliteit van Leven onderzoek! Onderzoekers 
van de ‘volwassen nefrologie’ bedankt voor alle antwoorden op ‘kleine vragen’ en 
gezelligheid, de epidemiologen van de KIK voor de maandelijkse literatuurbesprekingen, 
Marjan du Prie voor de hulp bij het indienen van het proefschrift, alle sponsoren voor de 
financiële steun, de dames van de koffiecorner op het Voetenplein voor het aanreiken van 
de cappuccino voordat je hem besteld hebt en last but not least Julia van’t Hek voor de 
hulp bij 2 artikelen en daarna de oppas voor Siem. Lieve DIEP-ers (Joeke in het bijzonder), 
Westerpark-clan (inclusief delegatie Apeldoorn), Ruth en andere vrienden; vanaf nu zal ik 
weer meer tijd aan jullie gaan besteden!!!

Tot slot, lieve papa, mama, Hettie, Siska en Bertran, jullie zijn dit niet gewend, maar 
het is gebruikelijk om ook jullie op deze plaats te bedanken. Pap en mam bedankt voor 
de eeuwige steun op alle fronten! Lieve zussen, wat ben ik trots op jullie! Ondanks alles 
optimistisch, vol goede moed en multitaskers in het gezinsleven. Stoer! Schoonfamilie, 
ook jullie natuurlijk erg bedankt voor alle steun, in welke vorm dan ook.

Als allerlaatste…de mannen van mijn leven: Richard en Siem. Richard, zonder jou 
ben ik niks en nergens. En wat ben je een supercoole vader voor Siem! Dank voor je 
onvoorwaardelijke hulp bij alles. Siem, vanaf nu zijn de weekenden weer voor jou; 
speeltuin, kinderboerderij, Westerpark; here we come! En nu vooral VAKANTIE! 
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curriculuM vitaE
Wilma Frederieke (Marieke) Tromp werd op 17 augustus 1979 geboren in Gramsbergen. 
In 1997 haalde ze haar Gymnasium diploma aan de Regionale Scholengemeenschap De 
Nieuwe Veste in Coevorden. Omdat zij uitgeloot werd voor de studie Geneeskunde, startte 
zij met de opleiding Medische Biologie aan de Vrije Universiteit in Amsterdam. Zij behaalde 
haar propedeuse Medische Biologie in 1998 en werd uiteindelijk in 1999, na 1 jaar van 
de doctoraal fase van Medische Biologie te hebben gevolgd, ingeloot voor Geneeskunde 
aan dezelfde universiteit. Na een wetenschappelijke stage in Zambia en keuze- en oudste 
co-schappen in de kindergeneeskunde, haalde Marieke in februari 2006 het artsexamen. 
Hierna startte zij meteen met haar eerste baan als arts-assistent Kinderchirurgie in het 
VUMC te Amsterdam. Naar aanleiding van onderzoekscontacten die Marieke tijdens haar 
keuze-coschap Kindernefrologie aan het VUMC had opgedaan, begon zij in februari 2007 
als arts-onderzoeker bij de afdeling Kindernefrologie van het Emma Kinderziekenhuis 
AMC in Amsterdam. Onder begeleiding van dr. Jaap Groothoff, dr. Hanneke van der 
Lee en prof. dr. Martin Offringa werkte zij aan het RICH-Q project; Renal Insufficiency 
therapy in CHildren – Quality assessment and improvement, resulterend in dit proefschrift. 
Per 1 september 2011 is Marieke weer als arts-assistent aan het werk gegaan op de 
afdeling Kindergeneeskunde van het Emma Kinderziekenhuis AMC. Op 1 januari 2012 zal 
zij starten met de specialisatie tot kinderarts in het opleidingscluster VUMC. Marieke is 
getrouwd met Richard Coenen en is sinds maart 2010 de trotse moeder van Siem.   
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