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ABSTRACT 
 

Background: The ESPN/ERA-EDTA Registry provides data on European children with end-

stage renal disease receiving renal replacement therapy (RRT). This paper provides the results 

of the demographic data collected from 2009 to 2011. 

 

Methods: Data on paediatric RRT patients were extracted from the ESPN/ERA-EDTA 

registry for 37 European countries regarding primary renal disease, incidence, prevalence, 4-

year survival, transplantation rate, and causes of death. 

 

Results: The incidence of paediatric RRT in Europe was 5.5 cases per million age related 

population (pmarp) in patients aged 0-14 years, and varied markedly between countries (IQR 

3.4 – 7.0 pmarp). RRT prevalence was 27.9 pmarp and increased with age, with 67% of 

prevalent patients living with a functioning graft. The probability of receiving a transplant within 

4 years was 76.9%, and was lowest in patients aged 0-4 years (68.9%). Mortality in paediatric 

RRT patients was 55 times higher than that of the general EU paediatric population. Overall 

survival at 4 years was 93.7%, with the poorest survival in patients aged 0-4 years and in 

patients starting on dialysis. Infections (19.9%) were the primary cause of death in European 

paediatric RRT patients. 

 

Conclusion: Considerable variation exists in the current demographics of children treated 

with RRT across Europe.  
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INTRODUCTION 

End-stage renal disease (ESRD) is a very rare condition in children [5]. Information on the 

number of new cases (incidence), the size of the problem (prevalence), and the outcomes with 

respect to survival are important to patients, physicians, and health care providers. 

International collaboration is required to empower statistically valid and clinically meaningful 

studies. Therefore, in 2007, the European Society for Paediatric Nephrology (ESPN) and the 

European Renal Association and European Dialysis and Transplantation Association (ERA-

EDTA) initiated the ESPN/ERA-EDTA Registry [50]. This registry provides data on all 

European children with ESRD receiving renal replacement therapy (RRT). Currently, 37 

European countries contribute data annually, covering a total paediatric population of 176 

million children and adolescents aged 0 to 19 years. As up-to-date, accurate, and detailed 

demographics on the state of paediatric RRT in Europe are necessary for purposes of policy 

making and information provision to patients, physicians, and health care providers, we aim to 

describe the demographics of paediatric RRT over the period 2009-2011.  

 

 

METHODS 

Individual patient data on date of birth, gender, start date of RRT, treatment modality, changes 

in treatment, and events such as graft failure, death, and transfer out of the registry, were 

extracted from the ESPN/ERA-EDTA registry database for 37 European countries. Most 

countries provided data for the years 2009-2011. Moldova, Turkey, and Bosnia & Herzegovina 

provided data for 2011 only. Albania, Germany, Malta, and Ukraine provided data from 2010 

onwards, and Montenegro provided data for the year 2009 only. Germany only reported 

transplant patients, and the coverage was 12 out of 20 transplant centres for 2010, and 15 out 

of 20 centres for 2011. The incidence and prevalence calculations were adjusted accordingly. 

(Pre-emptive) transplant patients were not reported by Italy. Overall prevalence and incidence 

rates were therefore provided with and without Germany and Italy, as including these 

countries will underestimate the incidence and prevalence. Detailed information on the 

ESPN/ERA-EDTA registry can be found elsewhere [50, 51]. As most countries report 

information collected from paediatric centres only, older children may be treated in adult 

centres and therefore missed by the registry. As the incidence and prevalence in the 15-19 age 

group may therefore be underestimated, demographics are presented for the 0-14 age group 
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for all 37 countries, as well as for the 0-19 age group for 9 countries reporting from both 

paediatric and adult centres (listed in table 1). 

 

For each country, the 3-year average RRT incidence was calculated. The 3-year average was 

chosen to minimize the impact of random variation caused by the rarity of paediatric ESRD. 

Incidence was defined as the number of new paediatric patients starting RRT per year, 

between 2009-2011, per million age-related population (pmarp). The point prevalence was 

given by the total number of paediatric patients on RRT on December 31 2011, expressed as 

pmarp [52]. The prevalence in Montenegro was calculated for the 31st December of 2009. 

Separate incidence rates and prevalence were calculated for gender, age groups (0-4, 5-9, 10-

14, 15-19) and treatment modalities (peritoneal dialysis [PD], haemodialysis [HD], and (pre-

emptive) transplants [Tx]). They were calculated using age- sex- and year- specific census data 

obtained from the Eurostat database [53]. The treatment modality at 30 days after starting 

RRT was taken for the calculation of modality-specific incidence. Primary renal diseases (PRD) 

were classified following the ERA-EDTA grouping of PRD codes for children [54]. The 

estimated glomerular filtration rate (eGFR) at the start of RRT was calculated using the 

revised bedside Schwartz formula [55]. The median eGFR was calculated, and following the 

KDOQI guidelines for initiation of dialysis in children, patients were categorized as starting 

RRT with an eGFR of 8 mL/min/1.73m2 or less, an eGFR between 9 -14 mL/min/1.73m2, or an 

eGFR of 15 mL/min/1.73m2 or above[56].  

 

The overall survival probability at 4 years after starting RRT was calculated per age group and 

by treatment modality at start, for incident patients starting RRT between 2007 and 2011, 

using the Kaplan-Meier method. In addition, the probability of receiving a transplant within 4 

years after starting RRT was calculated using the cumulative incidence competing risk (CICR) 

method. A competing risk has been defined as “an event that either hinders the observation of 

the event of interest or modifies the chance that this event occurs” [57]. As we are interested 

in the event of receiving a transplant, we considered death as a competing risk, as these 

patients can no longer receive a transplant. The analyses were restricted to 4 years because of 

the limited amount of follow-up time [58]. Differences between groups were analysed using 

Cox regression hazard ratios (HR) and 4-year survival probabilities, using the oldest age group 

and the pre-emptive Tx group as reference groups. The causes of death were provided using 
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the ERA-EDTA coding system, whereas ‘cardiac failure’, ‘cardiac arrest/sudden death other 

causes’, and ‘myocardial ischemia and infarction’ were combined to ‘cardiovascular mortality’ 

[59]. All analyses were performed using SAS version 9.3.  

 

 

RESULTS  

Incidence  

A total of 1697 patients aged 0-14 started RRT between 2009 and 2011 in 37 European 

countries. The average overall incidence rate of paediatric RRT was 5.5 pmarp, and 5.2 pmarp 

including Germany and Italy. The incidence was 5.1 pmarp in children aged 0-4 years, 4.1 

pmarp in children aged 5-9 years, and 6.3 pmarp in children aged 10-14 years. In 9 countries 

reporting from both paediatric and adult centres, the incidence rate was 8.3 pmarp in the 0-19 

age group, and 13.3 pmarp in children aged 15-19 years.  

 

The following results are presented for the 0-14 age group in 37 European countries. The 

incidence varied markedly between countries, following a Poisson distribution, with an inter-

quartile range (IQR) of 3.4 – 7.0 pmarp and a variance of 6.6, as illustrated by figure 1. Males 

(5.8 pmarp) had a 29% higher incidence as compared to females (4.5 pmarp). Almost half of 

the patients started with PD (47.1%, 2.4 pmarp, IQR between countries 0.9 – 3.3), followed by 

HD (33.3%, 1.7 pmarp, IQR 1.0 – 2.4), while 317 children received a pre-emptive Tx (19.6%, 

1.0 pmarp, IQR 0.0 – 1.6). Congenital anomalies of the kidney and urinary tract (CAKUT) 

were the most common cause of renal disease, accounting for 41.3% (2.2 pmarp) of all 

incident RRT patients. Glomerulonephritis ranked second with an incidence of 0.8 pmarp and 

cystic kidney disease third with an incidence of 0.5 pmarp. The frequency distribution and 

incidence of primary renal diseases are displayed in figure 2. The median eGFR at start of RRT 

was 9 mL/min/1.73 m2. 49.8% of the patients started RRT with an eGFR of < 9, 34.4% with an 

eGFR between 9 -14 mL/min/1.73m2, and 15.8% with an eGFR of 15 mL/min/1.73 m2 or above. 
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Figure 1. Paediatric RRT incidence for patients ages 0-14 per country for the period 2009-2011. Data from 

Germany are based on transplantation patients only. Transplantation patients are not included in the patients 

from Italy. Therefore, the numbers are an underestimation of the true incidence. 

 
Prevalence  

On the 31st of December 2011 there were 3595 prevalent patients between the age of 0-14 

years in 37 European countries, resulting in a point prevalence of paediatric RRT in Europe of 

27.9 pmarp, whereas it was 28.1 pmarp excluding Germany and Italy. Prevalence was 13.5 

pmarp in children aged 0-4 years, 26.4 pmarp in children aged 5-9 years, and 44.4 pmarp in 

children aged 10-14 years. In 9 countries reporting from both paediatric and adult centres, the 

prevalence was 58.0 pmarp in the 0-19 age group, and 109.0 pmarp in children aged 15-19 

years. The following results are presented for the 0-14 age group in 37 European countries. 

Similar to the incidence, the prevalence varied markedly between countries with an IQR of 

21.8 – 43.9 pmarp. 74.6% of the prevalent patients were living with a renal allograft (19.4 

pmarp), 23.1% on PD (6.0 pmarp), and 13.8% on HD (3.6 pmarp). Prevalence is presented by 

age group, gender, and treatment modality, for each country in table 1. 
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Table 1. Prevalent paediatric patients on RRT on the 31st of December 2011, per million age related 

population, by age, gender, and modality. * Countries reporting data collected from both adult and paediatric 

centres. The total prevalence in the 15-19 age group is based on these countries. a Based on transplant patients 

only. b Transplant patients are not included. c Prevalence calculated on the 31st December 2009. 

 
0-14y 0-4y 5-9y 10-14y 15-19y Males Females HD PD Tx 

N pmarp pmarp pmarp pmarp pmarp pmarp pmarp pmarp pmarp pmarp 

Albania  3 5.0 0.0 5.2 8.4 3.6 6.4 3.5 5.0 0.0 0.0 
Austria * 52 42.3 25.4 34.5 65.1 99.5 57.1 26.7 3.3 0.8 38.2 
Belarus 31 21.8 9.5 18.1 39.8 53.0 17.8 26.1 2.1 7.0 12.7 
Belgium 85 45.6 14.0 39.4 85.0 116.9 48.3 42.8 8.0 7.0 30.6 
Bosnia and Herzegovina 10 16.5 24.9 4.5 22.3 44.8 16.1 16.8 9.9 1.6 4.9 
Bulgaria 10 10.2 0.0 9.4 22.3 35.2 17.9 2.1 5.1 2.0 3.1 
Croatia 21 31.8 28.0 24.3 41.7 102.6 35.4 28.0 4.5 9.1 16.7 
Czech Republic 41 27.4 6.8 40.9 37.6 42.9 28.0 25.5 3.9 9.1 13.7 
Denmark * 44 43.9 24.5 24.1 81.3 115.9 62.3 24.5 2.0 4.0 37.9 
Estonia 2 9.7 0.0 29.6 0.0 27.8 9.4 10.0 0.0 0.0 9.7 
FYR of Macedonia 8 22.4 17.4 8.7 39.4 13.4 27.2 17.4 5.6 14.0 2.8 
Finland * 75 84.4 52.9 82.4 118.7 139.4 88.1 80.6 2.3 6.8 75.4 
France * 417 35.0 14.7 35.3 54.7 112.1 41.6 28.0 6.0 3.8 18.9 
Germany a 190 22.0 12.2 26.3 26.6 38.9 27.5 16.2 N.A. N.A. 19.6 
Greece * 50 30.8 21.0 28.1 44.3 41.2 32.2 27.9 3.1 12.9 14.8 
Hungary 41 28.3 14.7 26.9 42.9 96.8 32.3 24.1 2.1 9.0 17.2 
Iceland * 4 60.2 42.5 47.0 92.5 129.2 58.9 61.5 15.1 15.1 30.1 
Italy b 258 30.3 16.6 30.9 43.4 52.7 36.3 23.9 2.7 6.6 N.A. 
Lithuania 10 22.2 13.3 14.7 36.5 62.3 21.6 22.8 6.6 6.6 8.9 
Malta 4 64.6 50.4 51.4 88.4 0.0 62.8 66.4 0.0 0.0 64.6 
Moldova 3 5.2 0.0 0.0 14.8 21.9 6.7 3.5 3.4 1.7 0.0 
Montenegro c 4 32.8 76.3 0.0 23.5 22.1 47.3 17.0 0.0 16.4 16.4 
Netherlands * 133 45.8 28.2 39.9 67.7 116.7 55.9 35.3 4.1 5.9 35.8 
Norway * 41 44.4 29.1 56.8 47.9 123.3 50.8 37.8 3.3 5.4 35.8 
Poland 227 38.9 17.9 38.6 61.3 51.1 45.8 31.3 2.9 7.9 27.8 
Portugal 77 49.1 31.1 47.7 65.8 87.1 57.4 40.5 2.6 15.9 30.6 
Republic of Serbia 30 27.6 11.7 23.7 46.4 67.2 28.6 26.5 4.6 4.6 18.4 
Romania 40 12.4 5.6 10.4 20.9 56.3 11.5 13.4 5.3 5.3 1.9 
Russia 289 13.6 6.0 12.0 24.2 26.8 15.1 12.1 2.4 4.2 6.8 
Slovakia 21 25.2 3.5 11.4 60.3 73.4 32.8 17.3 3.6 14.4 7.2 
Slovenia 12 41.0 9.3 21.8 97.0 49.3 53.2 28.2 6.8 10.3 23.9 
Spain 295 41.9 19.5 39.5 69.5 61.0 49.7 33.6 3.7 4.8 33.2 
Sweden * 81 51.4 37.2 45.9 74.0 117.3 65.5 36.6 5.1 5.1 41.3 
Switzerland 52 43.5 12.6 44.1 73.0 71.4 48.9 37.9 1.7 5.0 35.2 
Turkey 298 15.8 7.4 10.8 28.2 24.9 17.2 14.3 2.5 8.3 4.9 
Ukraine 38 5.8 1.6 2.9 13.9 18.4 6.0 5.7 3.1 1.7 1.1 
United Kingdom 598 54.5 24.4 55.1 87.9 105.5 64.9 43.7 4.9 7.5 42.1 

Total 3595 27.9 13.4 26.4 44.4 56.6 32.5 23.0  3.6 6.0 19.4 
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Transplantation 

The probability of receiving a first Tx within 4 years after initiating RRT was 76.9% for patients 

aged 0-19; 68.9% for the youngest patients, 81.6% for 5-9 year olds, 79.3% for the 10-14 year 

olds, and 75.8% for the 15-19 year olds, meaning that the probability of receiving a Tx within 4 

years for the 0-4 years old was 35% lower as compared to the 5-9 year olds (HR = 0.65, 95% 

CI; 0.57 – 0.74), 39% lower as compared to the 10-14 year olds (HR = 0.61, 95% CI; 0.54 – 

0.68), and 36% lower as compared to the 15-19 year olds (HR = 0.64, 95% CI; 0.56 – 0.72). 

This probability did not differ significantly between the oldest three age groups (10-14 as 

compared to 5-9, HR = 0.93, 95% CI; 0.82 – 1.04; 15-19 as compared to 5-9, HR = 0.95, 95% 

CI; 0.86 – 1.06). The probability of receiving a Tx within 4 years after initiating RRT on HD 

and PD was 70.9% and 71.3%, respectively. HD patients seemed to receive a Tx earlier (mean 

1.06 years) as compared to PD patients (1.29 years, p<0.0001). However, this relationship was 

fully explained by the difference in age, as HD patients are generally older than PD patients. 

The probabilities of receiving a Tx within 4 years after initiating RRT and corresponding hazard 

ratios are presented in table 2 by modality at start and age group. 

 

Figure 2. PRD frequency distribution and incidence for paediatric patients aged 0-14 years starting RRT 

between 2009 - 2011.  
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Survival and cause of death 

The median follow-up was 2.17 years for paediatric patients aged 0-19 starting RRT between 

2007 and 2011. The overall survival probability at 4 years was 93.7%. The crude mortality rate 

was 20 deaths per 1000 patient years in the 0-19 age group, and 23 deaths per 1000 patient 

years in the 0-14 age group, which was 55 times higher compared to the general paediatric 

population (0.42 deaths per 1000 children aged 0-14 years in the European Union in 

2011)[60]. The youngest age group had the poorest 4-year survival with a 4.4 fold increased 

risk of death when compared to the oldest age group (HR = 4.4, 95% CI; 2.8 – 7.0). The 4-

year survival for the 5-9 year olds did not differ significantly from the oldest age group (HR = 

1.4, 95% CI; 0.8 – 2.4), nor did the 10-14 year olds compared to the oldest age group (HR = 

1.1, 95% CI; 0.6 – 1.9).  

 

Figure 3. Causes of death for paediatric patients aged 0-19 years starting RRT between 2007-2011, by 

modality. 
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Patients initiating RRT with dialysis had a 6.6 fold increased risk of death as compared to 

patients receiving a pre-emptive Tx (HR = 6.6, 95% CI; 2.9 – 14.8). There was no significant 

difference in survival between patients treated initially with HD or PD (reference group is PD, 

HR = 1.0, 95% CI; 0.7 – 1.4). The survival probabilities at 4 years and corresponding hazard 

ratios are presented by age group and treatment modality at start in table 2. The main known 

overall cause of death in patients was infections (19.9%), followed by cardiovascular causes 

(13.1%), and cerebrovascular accidents (6.8%). Infections were the leading cause of death in 

those on PD and those with a functioning graft, whereas cardiovascular causes of death 

predominated in those on HD. The frequency distribution for all causes of death is displayed 

by modality in figure 3. 

 

Table 2. Probabilities and hazard ratios of death at 4 years, and receiving a transplant (Tx) within 4 years, by 

age group and treatment modality at start, for paediatric patients starting RRT between 2007-2011. * Death 

was considered a competing risk for receiving a Tx. 

  4-year survival Received Tx within 4 years* 

  % (95% CI) HR (95% CI) % (95% CI) HR (95% CI) 

     

Overall 93.7 (92.8 - 94.7) - 76.9 (74.9 - 78.8) - 

     

0-4 87.1 (84.5 - 89.7) 4.4 (2.8 - 7.0) 68.9 (64.8 - 73.0) 0.64 (0.56 - 0.72) 

5-9 95.3 (93.3 - 97.3) 1.4 (0.8 - 2.4) 81.6 (77.6 - 85.6) 0.98 (0.86 - 1.11) 

10-14 96.2 (94.9 - 97.6) 1.1 (0.6 - 1.9) 79.3 (76.3 - 82.3) 1.05 (0.94 - 1.17) 

15-19 96.3 (94.2 - 98.4) 1 75.8 (70.5 - 81.0) 1 

     

PD 92.5 (90.9 - 94.1) 6.5 (2.9 - 14.9) 71.3 (68.1 - 74.5) 0.90 (0.82 - 1.00) 

HD 92.3 (90.4 - 94.2) 6.6 (2.9 - 15.2) 70.9 (67.3 - 74.4) 1 

Tx 99.1 (98.5 - 99.8) 1 100 (by definition) - 
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DISCUSSION 

In this paper, we present an epidemiological picture of the incidence, prevalence, survival, and 

other paediatric RRT demographics in 37 European countries over the period 2009-2011. The 

incidence, prevalence, and initial treatment modality of paediatric RRT varied greatly amongst 

European countries. The average European paediatric RRT incidence was 5.5 cases pmarp in 

children aged 0-14 years and 8.3 pmarp in children aged 0-19, approximately 20 times lower 

compared to adults (165.7 pmarp, aged 20+, for 2011) [54]. As most countries reported 

information collected from paediatric centres only, the incidence will be underestimated in the 

15-19 age group. We will therefore refer to the incidence rate for children aged 0-14 for 

comparisons with other published paediatric RRT information. The incidence in Europe was 

similar as in Malaysia (5.7 pmarp, ages 0-14, for the period 2008-2012) [61] and Canada (5.9 

pmarp, ages 0-14, for 2010) [62], lower compared to Australia and New Zealand (8.3 and 6.7 

pmarp, ages 0-14, for the period 2007-2011) [63], and approximately half that observed in the 

US (11.6 pmarp, ages 0-14, for 2011) [64]. In the US and Canada, HD is the most common 

therapy for paediatric patients [62]. In contrast, PD is the first treatment of choice in Europe, 

as is also the case in the Malaysian and Australia & New Zealand registries [61, 63]. The 

international variation in RRT rates may be explained, to some extent, by random variation 

caused by the rarity of paediatric ESRD, by variation in the occurrence of different causes of 

renal failure in each country (e.g. the relatively high incidence of Finnish-type nephropathy in 

Finland), and by economic disparities between countries, as has been shown for PD prevalence 

[23], and transplantation rate [42]. Furthermore, the higher incidence in the US has been 

attributed to an earlier RRT start [5, 65]. Indeed, our data show that almost half of the 

European children start RRT in the lowest eGFR category. However, the majority of variation 

between countries remains unexplained, warranting further investigation to establish the 

underlying factors. 

 

The overall survival at 4 years was 93.7% in European RRT children. Mortality in paediatric 

RRT patients was 55 times higher than that of the general paediatric population [60]. The 

European RRT mortality rate in 0-14 year old patients of 23 deaths per 1000 patient years was 

approximately half that of the US (44 deaths per 1000 patient years in patients aged 0-14, 

period 2005-2009). Part of this difference might be explained by the higher number of patients 

aged 0-4 starting RRT in the US [62]. The European mortality rate was similar as observed in 
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the Canadian [66], Australia & New Zealand [8], and Taiwanese registries [35] (17.9, 21.0, and 

23.4 deaths per 1000 patient years, ages 0-19, periods 1993-2002, 1992-2007, and 1995-2004, 

respectively). Age as a risk factor for mortality in European RRT patients is consistent with 

other registries, showing superior survival in patients with a functioning graft compared to 

patients on dialysis, and the poorest survival in the youngest patients.  

 

In contrast to reports from other international registries where cardiovascular disease is the 

leading cause of death in paediatric RRT patients [34, 64, 67], the primary overall cause of 

death in Europe is infection, although followed closely by cardiovascular disease. Compared to 

a previous European report covering the period 1980-2000, the distribution of causes of death 

has remained very similar, with infections predominating in those on PD and those with a 

functioning graft, whereas cardiovascular mortality was the leading cause of death in those on 

HD [68]. In a long-term follow-up cohort of formerly paediatric patients starting RRT <15 

years of age, a shift towards infection as the leading cause of late mortality was found over the 

past decade (in the 4th and 5th decade of life) due to a decreased risk of cardiovascular 

mortality, possibly attributable to an increased awareness and improved treatment of 

cardiovascular disease [69, 70]. A similar decline in cardiovascular mortality was seen in US 

children starting RRT on dialysis, and in adult dialysis patients in Australia & New Zealand, 

although cardiovascular disease remains the primary cause of death in these registries [64, 67]. 

Unfortunately, several countries were unable to provide information on the cause of death, 

resulting in the high percentage of causes reported as unknown in our data which may 

complicate comparisons, although the ranking of causes remained the same when excluding 

these countries. 

 

In conclusion, the current paper provides demographics on the incidence, prevalence, survival, 

causes of death, and eGFR at treatment start for paediatric patients treated with RRT for 

ESRD in 37 European countries over the period 2009-2011, using ESPN/ERA-EDTA registry 

data. Considerable variation exists in the demographics of RRT within Europe, for largely 

unknown reasons. Future investigation is necessary to ascertain the factors underlying this 

variation.  

 

 




