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ABSTRACT 

We aimed to describe survival in European paediatric dialysis patients and compare the 

differential mortality risk between patients starting on haemodialysis (HD) and peritoneal 

dialysis (PD). Data for 6,473 patients under 19 years of age were extracted from the 

ESPN/ERA-EDTA Registry for 36 countries for the period 2000–2013. Hazard ratios were 

adjusted for age at start of dialysis, gender, primary renal disease, and country. A secondary 

analysis was performed on a propensity-score matched cohort (PSM). Overall 5-year survival 

in European children starting on dialysis was 89.5% (95% CI 87.7%-91.0%). The mortality rate 

was 28.0 deaths per 1000 patient years overall, 36.0 during the first year of dialysis, and 49.4 

for patients aged 0-5 years. Cardiovascular events (18.3%) and infections (17.0%) were the 

main causes of death. Children selected to start dialysis on HD had an increased mortality risk 

compared to PD (aHR: 1.39, 95% CI 1.06–1.82, PSM HR: 1.46 95% CI 1.06-2.00), especially 

during the first year of dialysis (HD/PD aHR: 1.70, 95% CI 1.22 – 2.38, PSM HR: 1.79, 95% CI 

1.20-2.66), when starting above the age of 5 years (HD/PD aHR: 1.58, 95% CI 1.03 – 2.43, PSM 

HR: 1.87, 95% CI 1.17-2.98), and when children have been seen by a nephrologist for only a 

short time prior to starting dialysis (N=1681, HD/PD aHR: 6.55, 95% CI 2.35-18.28, PSM HR: 

2.93, 95% CI 1.04-8.23). As unmeasured case-mix differences and selection bias may explain 

the higher mortality risk in the HD population, these results should be interpreted with 

caution.  
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INTRODUCTION 

End-stage renal disease (ESRD) in children is a rare and severe condition, and requires renal 

replacement therapy (RRT) to sustain life. Renal transplantation is the preferred treatment 

modality in terms of outcomes, yet most patients will start RRT on dialysis to bridge the 

preparation time needed for transplantation. Although patient survival in these children has 

increased substantially over the past decades, mortality is still approximately 55 times higher 

than in the general paediatric population, and occurs predominantly in the dialysis population 

[79].  

 

Several factors have been shown to affect the mortality risk in the paediatric RRT population, 

the most influential being age at RRT initiation, transplantation, time on RRT, primary renal 

disease (PRD), and the presence of co-morbidities [26, 34]. The few studies that explored the 

effect of initial dialysis modality on mortality risk in children show conflicting results [8, 34, 

186]. In Europe, no such study has previously been undertaken on an international scale, and 

the rarity of paediatric ESRD has limited exploration of the heterogeneity of treatment effect 

across patient subgroups and time-dependent treatment effects, as have been demonstrated in 

the adult population [27–32]. 

 

The current study therefore aims to 1) describe survival in European paediatric dialysis 

patients, 2) compare the mortality risk between patients starting RRT on HD and PD, and 3) 

explore the differential mortality risk in the dialysis population by examining treatment-

subgroup interactions by gender, primary renal disease (PRD), age at start of RRT, co-

morbidity presence at start of RRT, and the time under treatment by a nephrologist prior to 

dialysis as a marker for timely referral and the speed of disease progression. 
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METHODS 

Data source and study population 

This cohort study was performed using incident patient data from the ESPN/ERA-EDTA 

registry database for 36 European countries [51]. Austria, Belgium, Croatia, Denmark, Finland, 

Greece, Iceland, Italy, the Netherlands, Norway, Spain, Sweden, Switzerland, and The United 

Kingdom provided data from January 1, 2000, to December 31, 2013. France from 2004, 

Czech Republic, Hungary, Lithuania, Macedonia, Portugal, Romania, Russia, Serbia, Slovakia, 

and Slovenia from 2007, Belarus, Bulgaria, Estonia, Montenegro, and Poland from 2008, 

Albania, Turkey, and Ukraine from 2010, Bosnia & Herzegovina from 2011, Moldova for 2011 

and 2012, and Georgia for 2013. The number of HD and PD patients per country is provided 

in appendix 5. 

 

6,473 patients were included under the age of 19 at initiation of dialysis, starting treatment 

between January 1, 2000, and December 31, 2013 on either HD or PD. The initial treatment 

modality was defined as treatment at day 30 as some patients start on HD to bridge the 

preparation time for PD or transplantation. Data was extracted on patients’ date of birth, 

gender, the time under treatment by a nephrologist prior to dialysis (defined as the time 

between the first visit to the paediatric nephrologist and dialysis start), PRD, the presence of 1 

or more comorbidities at start of dialysis, and events such as death, changes in treatment, and 

transfer out of the Registry. 19 out of 35 countries (N=2294) provided data on the time under 

treatment by a nephrologist prior to dialysis, and 26 countries (N=1725) provided data on the 

presence of comorbidities at treatment start. Age groups were defined as starting RRT 

between the ages 0-5 and 6-18 years. PRDs were classified following the ERA-EDTA grouping 

of PRD codes for children [54]. Causes of death were defined by 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].  

 

Statistical analysis 

The primary outcome studied was all-cause death on dialysis. Baseline characteristics of PD 

and HD patients were compared using Pearson’s chi-square tests. Crude and adjusted 

cumulative incidence curves were used to describe the survival probabilities and mortality risk 

differences between groups were estimated using Cox regression. Differential treatment-
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effects across patient subgroups were identified by testing interaction terms in the Cox model. 

All analyses were adjusted for age group, PRD group, gender, and country. We adjusted for 

age groups (ages 0-1, 2-5, 6-12, and 13-18) instead of continuous age as the latter did not 

show a linear relationship with mortality. Death was assigned to a patient’s initial dialysis 

modality (at day 30) regardless of dialysis modality changes. Patients were censored when 

renal function recovered, when lost to follow-up, reaching end of study, at transplantation, or 

after 5 years of follow-up, whichever came first. As a secondary analysis, we constructed a 

propensity-score matched cohort. The propensity-score is the probability of treatment 

assignment, and was determined for each patient based on age at RRT start, gender, PRD, and 

country. HD and PD patients with similar propensity scores were then matched on a 1-to-1 

ratio. The use of propensity-scores reduces the effect of the selection bias by ensuring a 

similar distribution of available baseline characteristics between treatment groups. 

Furthermore, as a sensitivity analysis, we censored patients at the first treatment switch 

(therefore removing time spent on switched dialysis modality) in order to assess the sole 

effect of initial dialysis modality on mortality. To improve interpretability, we categorized 

patient time under treatment by a nephrologist as either long (> 5 months) or short (< 5 

months), determined by finding the cut-off value that gives the maximum difference in survival 

[187]. As patients requiring acute dialysis are generally limited to HD as primary treatment 

modality, we excluded patients requiring dialysis within 1 month after their visit to the 

nephrologist to improve comparability. 

 

 

RESULTS 

Patient characteristics 

Between January 1, 2000, and December 31, 2013, we identified 6,473 children under 19 years 

of age starting RRT on dialysis in Europe. Of these patients, 30.9% started at age 0-5 years and 

69.1% at 6-18 years, 56.1% were boys and 47.8% started dialysis on HD. Most ESRD was 

caused by congenital anomalies of the kidney and urinary tract (CAKUT, 32.4%), followed by 

glomerulopathies (18.3%), cystic kidney diseases (9.3%), and hereditary nephropathies (7.3%). 

Of the group of miscellaneous PRDs (8.9%), kidney tumours (1.0%) and unspecified interstitial 

nephritis (1.0%) were the most common. The number of patients recovering renal function 

was low for patients starting on HD (N=51, 0.8%) and PD (N=33, 0.5%). The number lost to 



Mortality risk on dialysis 

96 

follow-up due to transfer to an adult centre was higher in patients starting on HD (N=328, 

5.1%) compared to patients starting on PD (N=137, 2.1%), reflecting the older HD dialysis 

population transitioning sooner to adult centres. Patient characteristics by initial dialysis 

modality are provided in table 1. 

 

Table 1A. Patient characteristics by initial dialysis modality. PSM = propensity-score matched. *Available for 

1725 patients and for 1018 patients in the PSM dataset. † Available for 1681 patients and for 1129 patients in 

the PSM cohort. 

  Ages 0-5 Age 6-18 

  HD (500) PD (1498) P value HD (2591) PD (1884) P value 

Gender       
 Male 302 (60.4%) 934 (62.4%) 0.44 1411 (54.5%) 987 (52.4%) 0.17 

Primary renal disease      
 CAKUT 116 (23.2%) 582 (38.9%) <.0001 780 (34.6%) 621 (33.0%) <.0001 

 Glomerulonephritis 81 (16.2%) 185 (12.4%)  555 (21.4%) 365 (19.4%)  
 Cystic 42 (8.4%) 132 (8.8%)  204 (7.9%) 223 (11.8%)  
 Hereditary 51 (10.2%) 152 (10.2%)  170 (6.6%) 98 (5.2%)  
 Ischemic 18 (3.6%) 47 (3.1%)  31 (1.2%) 18 (1.0%)  
 HUS 34 (6.8%) 87 (5.8%)  84 (3.2%) 63 (3.3%)  
 Metabolic 22 (4.4%) 31 (2.1%)  63 (2.4%) 47 (2.5%)  
 Vasculitis 3 (0.6%) 1 (0.1%)  102 (3.9%) 45 (2.4%)  
 Miscellaneous 75 (15.0%) 147 (9.8%)  237 (9.2%) 117 (6.2%)  
 Unknown 58 (11.6%) 134 (9.0%)  365 (14.1%) 287 (15.2%)  
Comorbidity at RRT start*      
 At least 1 31 (47.2%) 190 (40.3%) 0.86 227 (38.4%) 221 (38.0%) 0.9 

Time under treatment 
of a nephrologist†       

 1 - 5 months 33 (22.3%) 115 (27.5%) 0.21 69 (13.0%) 70 (12.0%) 0.61 
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Table 1B. Patient characteristics by initial dialysis modality. PSM = propensity-score matched. *Available for 

1725 patients and for 1018 patients in the PSM dataset. † Available for 1681 patients and for 1129 patients in 

the PSM cohort. 

  PSM Ages 0-5 PSM Age 6-18 

  HD (458) PD (458) P value HD (1434) PD (1434) P value 

Gender 
      

 Male 278 (60.7%) 277 (60.5%) 0.95 766 (53.4%) 765 (53.4%) 0.97 

Primary renal disease 
      

 CAKUT 114 (24.9%) 128 (28.0%) 0.94 466 (32.5%) 468 (32.6%) 0.99 

 Glomerulonephritis 70 (15.3) 67 (14.6%) 
 

284 (19.8%) 281 (19.6%) 
 

 Cystic 41 (9.0%) 42 (9.2%) 
 

147 (10.3%) 149 (10.4%) 
 

 Hereditary 45 (9.8%) 42 (9.2%) 
 

79 (5.5%) 79 (5.5%) 
 

 Ischemic 18 (3.9%) 13 (2.8%) 
 

14 (1.0%) 16 (1.1%) 
 

 HUS 31 (6.8%) 37 (8.1%) 
 

45 (3.1%) 49 (3.4%) 
 

 Metabolic 18 (3.9%) 14 (3.1%) 
 

42 (2.9%) 37 (2.6%) 
 

 Vasculitis 2 (0.4%) 1 (0.2%) 
 

44 (3.1%) 42 (2.9%) 
 

 Miscellaneous 64 (14.0%) 58 (12.7%) 
 

99 (6.9%) 102 (7.1%) 
 

 Unknown 55 (12.0%) 56 (12.2%) 
 

214 (14.9%) 211 (14.7%) 
 

Comorbidity at RRT start* 
      

 At least 1 28 (36.8%) 30 (48.4%) 0.17 166 (37.3%) 164 (37.7%) 0.9 

Time under treatment of a 
nephrologist†       

 1 - 5 months 33 (23.6%) 37 (24.0%) 0.93 54 (12.6%) 44 (10.8%) 0.42 

 

Overall mortality in patients on dialysis 

A total of 306 deaths occurred during 10,910 patient years, equivalent to a mortality rate of 

28.0 deaths per 1000 patient years (py) during the first 5 years of dialysis treatment, while 

censoring for transplantation. Overall survival at 1, 2, and 5 years was 96.6% (95% CI 96.0%-

97.0%), 94.5% (95% CI 93.8%-95.2%), and 89.5% (95% CI 87.7%-91.0%), respectively. Mortality 

was highest during the first year of dialysis (189 deaths, 36.0 deaths per 1000 py) and in the 

youngest patients (ages 0-5, 189 deaths, 49.4 deaths per 1000 py), and declined progressively 

with time on dialysis and with age at dialysis initiation.  
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Causes of death 

Cardiovascular mortality (18.3%) and infection (17.0%) were the main known causes of death, 

followed by cerebrovascular accidents (7.5%), withdrawal (4.9%), and malignancies (5.2%). 

Cause of death was missing in 26.1% of cases (21.4% in HD, 29.7% in PD). Within the group of 

cardiovascular deaths, the most common cause was cardiac arrest / sudden death (54.4%), 

followed by fluid overload / pulmonary oedema (16.1%). Within the group of infection-related 

deaths, sepsis was the most common cause of death (61.5%), followed by pulmonary infections 

(13.5%). Of the miscellaneous causes of death, the most common cause was haemorrhage 

(due to surgery or otherwise, 9.8%) followed by pulmonary embolus (8.2%). The cause of 

death varied by current treatment modality (appendix 1), with cardiovascular mortality (20.5%) 

as the predominant cause of death in HD patients, whereas infection was the main cause of 

death in PD (19.5%) patients. The cause of death did not differ between the first year on 

dialysis and the years thereafter. In a sensitivity analysis excluding 4 countries with a high 

percentage of missing deaths, the ranking of causes of death remained unchanged. 

 

Mortality risk comparison between HD and PD 

In patients initiating dialysis under 5 years of age, the 5-year crude mortality rate was 57.0 

deaths per 1000 py for patients selected to start RRT on HD vs. 47.3 deaths per 1000 py for 

those initiating on PD . In patients initiating dialysis above 5 years of age, the mortality rate 

was 20.6 deaths per 1000 py for those starting on HD, and 11.1 deaths per 1000 py for those 

starting on PD. After adjustment for PRD, age at start of dialysis, gender, and country, patients 

selected to start RRT on HD had a 39% increased risk of death compared to patients starting 

on PD (HD vs. PD, aHR: 1.44, 95% CI 1.06 – 1.82). Analysis of the propensity-score matched 

cohort (PSM, N=3784), matched on age at start RRT, PRD, gender, and country, showed 

similar results (HD vs. PD, aHR: 1.46, 95% CI 1.06 – 2.00). In a sensitivity analysis, censoring 

patients at first dialysis modality switch, the HR profiles remained similar (HD vs. PD, aHR: 

1.44, 95% CI 1.08 – 1.93), reflecting that death occurs predominantly on the initially selected 

dialysis modality. After additional adjustment for the time under treatment by a nephrologist 

prior to dialysis (N=2294), patients selected to start RRT on HD had a 63% increased risk of 

death compared to patients starting on PD (HD vs. PD, aHR: 1.63, 95% CI 1.06 – 2.52).  
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Sub-group analyses 

We identified a significant treatment-subgroup interaction effect by patient age at start of 

dialysis (p <.0001) and by the time under treatment by a nephrologist prior to dialysis initiation 

(p=0.01). After stratification by age group, the data suggested a somewhat weaker association 

in younger patients (HD vs. PD, aHR: 1.24, 95% CI 0.85 – 1.79) compared to older patients 

(HD vs. PD, aHR: 1.58, 95% CI 1.03 – 2.43). The propensity-score matched cohort provided 

similar results (HD vs. PD, HR for ages 0-5: 1.18, 95% CI 0.77-1.82, HR for ages 6-18: 1.87, 

95% CI 1.17-2.98). The crude, adjusted, and PSM cumulative incidence plots stratified by age 

group are presented in figure 1.  

 

We studied the effect of the duration of time under treatment by a nephrologist prior to 

dialysis initiation as a marker for the timeliness of referral and the speed of disease 

progression. Overall, the median time under treatment by a nephrologist was 0.88 (IQR 0.07 -

3.90) years for PD patients and 1.61 (IQR 0.07 – 6.11) years for HD patients. This difference 

was due to a relatively high proportion of young (aged 0-2 years) PD patients (appendix 2). 

Within the group of patients with a short time under treatment by a nephrologist (1-5 

months), the median time was similar for patients starting on HD (N=102, 75 days) compared 

to PD (N=185, 71 days), but was lengthier for HD patients in the group with a long time 

under treatment by a nephrologist (> 5 months, HD patients; N=577, 4.4 years, PD patients; 

N=817, 3.1 years). Patient characteristics are presented in appendix 3, and figure 2 shows the 

crude, adjusted, and PSM cumulative incidence plots stratified by these categories. There was 

no significant difference in survival for patients under treatment by a nephrologist for >5 

months (HD vs. PD, aHR: 0.79, 95% CI 0.38-1.63, PSM HR: 0.96, 95% CI 0.44-2.11). However, 

among patients under treatment by a nephrologist between 1-5 months, those selected to 

start on HD had a significantly poorer survival compared to those starting on PD (HD vs. PD, 

aHR: 6.55, 95% CI 2.35-18.28, PSM HR: 2.93, 95% CI 1.04-8.23). Further stratification by age 

group provided similar results (appendix 4).The HR profiles remained similar in a sensitivity 

analysis excluding patients under 2 years of age, and in a separate analysis including patients 

with <1 month of time under treatment of a nephrologist.  
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Table 2A. Mortality rates and hazard ratios for HD vs. PD calculated separately for each patient sub-group, 

and adjusted for age group at RRT, gender, PRD group, and country. There were no deaths in the PD group 

for vasculitis patients. PSM = propensity-score matched. *Available for 1725 patients and for 1018 patients in 

the PSM dataset. † Available for 1681 patients and for 1129 patients in the PSM cohort. 

  
HD PD PSM HD PSM PD 

Deaths/Years Deaths/Years Deaths/Years Deaths/Years 

Overall 131 / 4878 175 / 6031 93 / 3024 66 / 3118 

Age at RRT start      
 0-5 48 / 842 141 / 2981 43 / 776 39 / 860 

 6-18 83 / 4036 34 / 3051 50 / 2248 27 / 2258 

Gender     
 Female 64 / 2162 78 / 2590 46 / 1344 31 / 1418 

 Male 67 / 2716 97 / 3441 47 / 1679 35 / 1700 

Primary renal disease     
 Glomerulonephritis 17 / 1028 27 / 932 11 / 570 13 / 545 

 Cystic 5 / 368 17 / 562 5 / 278 3 / 287 

 Hereditary 7 / 299 14 / 393 6 / 175 5 / 204 

 Ischemic feb-77 5 / 133 feb-59 jan-52 

 HUS 5 / 194 6 / 338 5 / 122 4 / 178 

 Metabolic 4 / 142 4 / 135 2 / 104 mrt-81 

 Vasculitis 9 / 145 0 / 60 apr-65 0 / 55 

 Miscellaneous 34 / 494 16 / 497 22 / 276 14 / 264 

 Unknown 21 / 637 27 / 713 13 / 412 14 / 411 

 CAKUT 27 / 1493 59 / 2269 23 / 962 9 / 1040 

Comorbidity at RRT start*     
 At least 1 13 / 476 34 / 861 11 / 368 12 / 389 

 None  9 / 832 24 / 1361 8 / 634 3 / 612 

Time under treatment 
    of a nephrologist† 

 1 - 5 months 14 / 155 13 / 357 13 / 139 5 / 160 

 > 5 months 13 / 771 28 / 1255 12 / 644 13 / 669 
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Table 2B. Mortality rates and hazard ratios for HD vs. PD calculated separately for each patient sub-group, 

and adjusted for age group at RRT, gender, PRD group, and country. There were no deaths in the PD group 

for vasculitis patients.PSM = propensity-score matched. *Available for 1725 patients and for 1018 patients in 

the PSM dataset. † Available for 1681 patients and for 1129 patients in the PSM cohort. 

  Crude Adjusted PSM 

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

Overall 0.91 (0.73-1.14) 1.39 (1.06-1.82) 1.46 (1.06-2.00) 

Age at RRT start  
   

 0-5 1.16 (0.84-1.62) 1.24 (0.85-1.79) 1.18 (0.77-1.82) 

 6-18 1.84 (1.23-2.74) 1.58 (1.03-2.43) 1.87 (1.17-2.98) 

Gender 
   

 Female 0.97 (0.69-1.34) 1.36 (0.93-1.99) 1.56 (0.99-2.46) 

 Male 0.86 (0.63-1.18) 1.39 (0.95-2.04) 1.37 (0.88-2.12) 

Primary renal disease 
   

 Glomerulonephritis 0.57 (0.31-1.04) 0.78 (0.39-1.56) 0.82 (0.37-1.83) 

 Cystic 0.45 (0.17-1.22) 1.53 (0.41-5.70) 1.66 (0.40-6.97) 

 Hereditary 0.61 (0.24-1.51) 5.3 (1.59-17.67) 1.22 (0.37-4.06) 

 Ischemic 0.65 (0.13-3.39) 1.17 (0.14-9.90) 1.91 (0.17-21.05) 

 HUS 1.33 (0.40-4.37) 2.83 (0.71-11.29) 1.67 (0.45-6.25) 

 Metabolic 0.41 (0.05-3.11) 1.10 (0.28-4.24) 0.60 (0.10-3.57) 

 Vasculitis - - - 

 Miscellaneous 2.08 (1.15-3.78) 1.85 (0.94-3.63) 1.59 (0.81-3.11) 

 Unknown 0.87 (0.49-1.53) 1.08 (0.54-2.16) 0.93 (0.44-1.98) 

 CAKUT 0.68 (0.43-1.08) 1.74 (1.00-3.03) 2.78 (1.29-6.02) 

Comorbidity at RRT start* 
   

 At least 1 0.69 (0.36-1.30) 0.85 (0.40-1.81) 2.63 (0.70-9.91) 

 None  0.63 (0.29-1.36) 1.22 (0.51-2.94) 1.34 (0.48-3.76) 

Time under treatment 
   of a nephrologist† 

 1 - 5 months 2.47 (1.16-5.27) 6.55 (2.35-18.28) 2.93 (1.04-8.23) 

 > 5 months 0.75 (0.39-1.46) 0.79 (0.38-1.63) 0.96 (0.44-2.11) 
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Time-dependent treatment effect 

The mortality risk difference between HD and PD was not constant over time. During the 

initial period of treatment there was a survival advantage for PD, after which the mortality risk 

became similar to HD. Specifically, during the first year on dialysis, patients starting RRT on 

HD had a 70% increased risk of death compared to patients starting on PD (HD vs. PD, aHR: 

1.70, 95% CI 1.22 – 2.38, PSM HR: 1.79, 95% CI 1.20-2.66).  

 

In the sub-group analyses, the treatment effect during the first years on dialysis increased in 

the younger patients, whilst remaining statistically insignificant (HD vs. PD, aHR: 1.47, 95% CI 

0.95 – 2.27, PSM HR: 1.42, 95% CI 0.85-2.35), and was even stronger in older patients (HD vs. 

PD, aHR: 2.17, 95% CI 1.15 – 4.09, PSM HR: 2.60, 95% CI 1.33-5.08). Furthermore, the time-

dependent effect during the first year on dialysis remained absent in patients with > 5 months 

of time under treatment by a nephrologist prior to dialysis (HD vs. PD, aHR: 0.94, 95% CI 0.38 

– 2.36, PSM HR: 1.06, 95% CI 0.37-3.01), and remained present among patients with 1-5 

months under treatment by a nephrologist prior to dialysis (HD vs. PD, aHR: 16.08, 95% CI 

3.30– 78.43, PSM HR: 4.12, 95% CI 0.87-19.4).  

 

Dialysis modality and transplantation rate 

We studied the transplantation rate across dialysis modalities as a higher rate of 

transplantation in either dialysis modality could possibly lead to informative censoring, as 

healthier patients would be transplanted and censored, leaving the less healthy patients as the 

remainder of the cohort. Patients starting on HD had a somewhat shorter median time to Tx 

(1.76 years, 95% CI 1.64-1.87) compared to PD patients (1.86 years, 95% CI 1.78-1.95), and an 

overall similar 5-year likelihood of transplantation (HD vs. PD, HR: 1.02 95% CI 0.96 – 1.09, 

PSM HR: 0.95, 95% CI 0.87-1.03), with increased likelihood during the first year on dialysis 

(HD vs. PD, HR: 1.33, 95% CI 1.21 – 1.46). This difference decreased after adjustment for age 

at RRT start (HD vs. PD during first year on dialysis, aHR: 1.12 95% CI 1.01 – 1.24, PSM HR: 

1.07, 95% CI 0.95-1.21), reflecting the lower transplantation probability in the younger PD 

population. 
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DISCUSSION 

In this study, we describe all-cause mortality in the largest cohort of European paediatric ESRD 

patients studied to date, including 6,473 patients who initiated dialysis between 2000 and 2013. 

Overall survival in these children is good, with almost 90% surviving after 5 years of dialysis, 

however, mortality risk varies substantially within this population. Comparing HD versus PD, 

we demonstrated an increased mortality risk in children selected to start dialysis on HD, 

especially during the first year of dialysis, in children starting dialysis at an older age, and in 

children with a short time under treatment by a nephrologist prior to dialysis. These 

differential mortality risks highlight the importance of focussed clinical management in these 

sub-groups.  

  

The increased mortality risk observed in European paediatric patients selected to initiate 

treatment on HD compared to PD is partially in agreement with previous observational 

studies in the paediatric dialysis population. In the US, Wong et. al. reported an increased, but 

non-significant, adjusted mortality risk for 1,723 paediatric patients (<18 years of age) starting 

RRT on HD compared to PD between 1995-98 [33]. In a larger and more recent US study, 

Mitsnefes et. al. observed a significantly higher adjusted risk of death in children younger than 

5 years initiating HD compared to PD between 1990-2010, but in contrast to our results, this 

effect was absent in children older than 5 years [34]. In Taiwan, Lin et. al. found no difference 

in crude survival between paediatric (<19 years of age) patients starting on either HD or PD 

between 1995 and 2004, similar to our crude analysis [35]. In a per protocol analysis, 

McDonald et al. found a higher but non-significant adjusted mortality risk for 1,634 patients 

(<20 years of age) starting on PD compared to HD between 1963-2002 in the ANZDATA 

registry, although survival from that era may not be extrapolated to the current one [8]. 

 

We demonstrate that the mortality risk difference between HD and PD varies over time, with 

an initial survival advantage for patients selected to start on PD during the first one to two 

years on dialysis, after which the mortality risk becomes similar to those selected to start on 

HD. This time-dependent effect is consistent with several studies performed in the adult 

dialysis population, and has been attributed to an improved preservation of residual renal 

function in PD patients during the first period of dialysis, followed by an increasing 
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deterioration of the peritoneal membrane over time, reducing dialysis adequacy and potentially 

increasing the mortality risk on PD over a prolonged period of dialysis [188–193].  

We explored the effect of the time under treatment by a nephrologist prior to dialysis as an 

indicator of the timeliness of referral and the speed of renal disease progression. It has 

previously been shown that paediatric patients that are referred late have poorer clinical and 

biochemical status and a reduced rate of pre-emptive transplantation compared to those 

referred earlier [194–196], whereas the speed of renal disease progression is largely 

dependent on the underlying renal disease and CKD management [65, 197]. Importantly, we 

demonstrate that in patients with sufficient time under treatment by a nephrologist prior to 

dialysis (due to either timely referral and/or a relatively slow progression of renal disease), 

modality choice does not influence the survival outcome. Conversely, in patients with a 

relatively short time under treatment by a nephrologist prior to dialysis (but excluding 

unplanned crash starts who may be limited to HD due to the acuteness of dialysis initiation) 

we found a poorer prognosis for patients selected to start RRT on HD, even after adjustment 

for important confounders such as renal disease and age at dialysis initiation. Similar results 

have been demonstrated in adults, where patients starting RRT with ‘planned’ PD have a 

similar mortality risk compared to ‘planned’ HD patients with an AV-fistula and ‘unplanned’ PD 

patients, but where patients starting ‘unplanned’ HD on a central venous catheter had a higher 

mortality risk [198, 199]. Indeed, vascular access type has been demonstrated as an important 

modifier of the relationship between dialysis modality and survival, and given that the survival 

advantage in PD patients was only found when comparing patients who initiated HD with a 

central venous catheter, it has been suggested that case-mix differences that coincide with HD 

vascular access type, such as timely access to pre-dialysis care, are likely to explain the higher 

mortality risk in the HD population [190]. Disentanglement of the relationships between 

mortality on dialysis, the timeliness of referral, disease progression speed, and vascular access 

type certainly deserves further investigation in the paediatric population. 

 

An important caveat when comparing dialysis modalities using observational data is the issue of 

residual confounding due to unmeasured variables. Dialysis modality choice in children 

depends on many factors, such as patient age, family and patient preference, the timeliness of 

referral and acuteness of disease, social conditions, logistical issues, facility preference and 

technical capability, and various medical aspects. Due to the inherent nature of observational 
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data, we are unable to assess unmeasured variables that may affect both dialysis choice and 

mortality risk. Moreover, as sicker and more complex patients may be selected to start on HD 

as initial modality choice, this could have introduced some degree of selection bias to our 

results [140, 142]. In an attempt to account for this, we performed a propensity-score 

matched analysis, thus eliminating baseline differences in the available determinants of dialysis 

choice between groups. Furthermore, although the presence of one or more comorbidities at 

dialysis initiation was associated with mortality, it did not affect the HR between HD and PD. 

Indeed, according to a recent European study auditing 14 dialysis units in 11 countries, dialysis 

modality choice in children is less influenced by the presence of comorbidities, as is more the 

case in adult patients [200]. Nonetheless, despite our propensity-score matched analyses, the 

mortality risk difference between HD and PD could still be explained by unmeasured case-mix 

differences, such as details on the type and severity of comorbidity, malnutrition, hypertension, 

access type, and various metabolic factors at dialysis initiation, which may have introduced 

some degree of selection bias, and therefore the results should be interpreted conservatively. 

 

Notwithstanding the potential bias from unmeasured variables, our findings may have 

important implications for the clinical management of children with ESRD. Our data support 

the preferential use of PD as initial treatment modality particularly in children who are 

referred to specialist care late, leaving little time to adapt to end-stage renal disease prior to 

dialysis initiation. This appears to be applicable independent of the presence of comorbidities.  

The study strengths include its large sample size which provides the necessary power to 

perform stratified analyses, sufficient follow-up time with a low loss to follow-up, and the 

European-wide inclusion of patients. Limitations include the high percentage missing causes of 

death, which may limit the precision of our results and our ability to detect differences 

between sub-groups, although the ranking of cause of death remained the same when 

excluding countries with a large number of missing values. In addition, although we do not 

adjust for potential regional or centre-level confounders, we adjust for country, which we 

consider adequate to generalize our results to the European patient population. 

 

We conclude that although overall survival in European children with ESRD starting RRT on 

dialysis is relatively good, mortality risk is amplified during the first year on dialysis and in the 

youngest patients. Importantly, we demonstrate an increased mortality risk in children 
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selected to start dialysis on HD compared to PD, especially during the first year of dialysis, in 

older children, and in patients with a short duration of time under treatment by a nephrologist 

prior to dialysis. The identification of vulnerable sub-groups in the paediatric dialysis 

population suggests scope for further improvement through targeted preventive approaches. 

However, as sicker and more complex patients may be selected to start on HD as initial 

modality choice, unmeasured case-mix differences may explain the higher mortality risk in the 

HD population, and therefore these results should be interpreted with caution.  
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Figure 1. Crude (A), adjusted (B), and propensity-score matched (C) cumulative incidence plots by dialysis 

modality and age group at RRT start, using covariate values, PRD group = CAKUT, gender = male, age group at 

RRT initiation = 2-5 years, country = UK. The plots were truncated at 3 years due to an insufficient number of 

patients remaining in the cohort. 
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Figure 2. Crude (A),adjusted (B), and propensity-score matched (C) cumulative incidence plots by dialysis 

modality and time under treatment by a nephrologist, using covariate values, PRD group = CAKUT, gender = 

male, age group at RRT initiation = 2-5 years, country = UK. The plots were truncated at 3 years due to an 

insufficient number of patients remaining in the cohort. 
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Appendix 1. Cause of death by dialysis modality. The percentage of malignancies as the cause of death in 

patients on peritoneal dialysis is 1.7%. 

 

 

Appendix 2. Distribution of time under treatment by a nephrologist by dialysis modality. The lighter segments 

represent the proportion of patients starting renal replacement therapy RRT between 0 and 2 years of age. 
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Appendix 3. Patient characteristics by categorized time under treatment by a nephrologist prior to dialysis. 

  HD (577) PD (817) 
P value 

HD (102) PD (185) 
P value 

   > 5 months  > 5 months 1-5 months 1-5 months 

Age       <.0001 

 0-5 19.9 37.1 <.0001 32.4 62.2  
 6-18 80.1 62.9  67.7 37.8  
Gender      0.18 

 Male 58.4 60.7 0.39 52.4 61.1  
Primary renal disease      0.001 

 CAKUT 38.1 43.2 0.04 21.6 41.1  
 Glomerulonephritis 18.4 18.6  17.7 12.4  
 Cystic 9.9 8.5  8.8 10.3  
 Hereditary 8.2 9.6  4.9 10.8  
 Ischemic 1 1.6  3.9 2.2  
 HUS 2.3 3.3  5.9 8.1  
 Metabolic 4 2.5  1 0  
 Vasculitis 3.3 1.4  2.9 2.7  
 Miscellaneous 6.9 4.9  19.6 7.6  
 Unknown 8 6.6  13.7 4.9  
Comorbidity at RRT start ( 77% missing)      0.17 

 At least 1 61.2 58 0.58 65.2 47.7  
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Appendix 4. Crude (A) and adjusted (B) cumulative incidence plots by dialysis modality and time under 

treatment by a nephrologist, and age group, using covariate values, PRD group = CAKUT, sex = male, age 

group at RRT initiation = 2-5 years / 6-13 years, country = UK. The plots were truncated at 3 years due to an 

insufficient number of patients remaining in the cohort. 
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Appendix 5. Number of HD and PD patients initiating RRT between 2000 and 2013 in each country. 

  HD  PD 

Albania 6 0 

Austria 97 52 

Belarus 19 35 

Belgium 42 55 
Bosnia and 
Herzegovina 

15 3 

Bulgaria 27 6 

Croatia 19 56 

Czech Republic 31 34 

Denmark 71 53 

Estonia 1 1 

Finland 52 91 

France 614 228 

Georgia 2 0 

FYR of Macedonia 0 8 

Greece 118 85 

Hungary 20 39 

Iceland 6 7 

Italy 212 383 

Lithuania 15 9 

Moldova 4 0 

Montenegro 0 3 

Norway 48 24 

Poland 79 129 

Portugal 23 94 

Republic of Serbia 31 12 

Romania 149 40 

Russia 273 260 

Slovakia 19 27 

Slovenia 14 3 

Spain 256 295 

Sweden 59 126 

Switzerland 60 46 

the Netherlands 161 167 

Turkey 100 212 

Ukraine 19 11 

United Kingdom 429 788 

Total 3091 3382 




