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We aimed to describe survival in European pediatric
dialysis patients and compare the differential mortality
risk between patients starting on hemodialysis (HD) and
peritoneal dialysis (PD). Data for 6473 patients under
19 years of age or younger were extracted from the
European Society of Pediatric Nephrology, the European
Renal Association, and European Dialysis and Transplant
Association Registry for 36 countries for the years 2000
through 2013. Hazard ratios (HRs) were adjusted for age at
start of dialysis, sex, primary renal disease, and country. A
secondary analysis was performed on a propensity score–
matched (PSM) cohort. The overall 5–year survival rate in
European children starting on dialysis was 89.5% (95%
confidence interval [CI] 87.7%–91.0%). The mortality rate
was 28.0 deaths per 1000 patient years overall. This was
highest (36.0/1000) during the first year of dialysis and in
the 0- to 5-year age group (49.4/1000). Cardiovascular
events (18.3%) and infections (17.0%) were the main causes
of death. Children selected to start on HD had an increased
mortality risk compared with those on PD (adjusted HR
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 adjusted
HR 1.70, 95% CI 1.22–2.38, PSM HR 1.79, 95% CI 1.20–2.66),
when starting at older than 5 years of age (HD/PD: adjusted
HR 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 before starting dialysis (HD/PD adjusted
HR 6.55, 95% CI 2.35–18.28, PSM HR 2.93, 95% CI 1.04–
8.23). Because 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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E nd-stage renal disease (ESRD) in children is a rare and
severe condition, which 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 prepa-
ration time needed for transplantation. Although survival in
these children has increased substantially over the past de-
cades, mortality is still w55 times higher than in the general
pediatric population and occurs predominantly in the dialysis
population.1

Several factors have been shown to affect the mortality
risk in the pediatric RRT population, the most influential
being age at RRT initiation, transplantation, time on RRT,
primary renal disease (PRD), and the presence of comor-
bidities.2,3 The few studies that explored the effect of initial
dialysis modality on mortality risk in children show con-
flicting results.3–5 In Europe, no such study has previously
been undertaken on an international scale, and the rarity of
pediatric ESRD has limited exploration of the heterogeneity
of treatment effect across patient subgroups and time-
dependent treatment effects, as has been demonstrated in
the adult population.6–11

The current study therefore aims to (i) describe survival in
European pediatric dialysis patients, (ii) compare the mor-
tality risk in patients starting RRT on HD and PD, and (iii)
explore the differential mortality risk in the dialysis popula-
tion by examining treatment subgroup interactions by sex,
PRD, age at the start of RRT, comorbidity presence at the start
of RRT, and the time under treatment by a nephrologist
before dialysis as a marker for timely referral and the speed of
disease progression.
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RESULTS
Patient characteristics
Between January 1, 2000, and December 31, 2013, we
identified 6473 children younger than 19 years of age
starting RRT on dialysis in Europe. Of these patients, 30.9%
started at 0 to 5 years of age and 69.1% at 6 to 18 years of
age; 56.1% were boys, and 47.8% started dialysis on HD.
Most ESRD was caused by congenital anomalies of the
kidney and urinary tract (32.4%), followed by glomer-
ulopathies (18.3%), cystic kidney diseases (9.3%), and he-
reditary nephropathies (7.3%). Of the group of
miscellaneous PRDs (8.9%), kidney tumors (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 ¼ 51, 0.8%) and PD
(N ¼ 33, 0.5%). The number lost to follow-up due to
transfer to an adult center was higher in patients starting on
HD (N ¼ 328, 5.1%) compared with patients starting on
PD (N ¼ 137, 2.1%), reflecting the older HD population
transitioning sooner to adult centers. Patient characteristics
by initial dialysis modality are provided in Table 1.

Overall mortality in patients on dialysis
A total of 306 deaths occurred during 10,910 patient years
(py), equivalent to a mortality rate of 28.0 deaths per 1000 py
during the first 5 years of dialysis treatment, while censoring
for transplantation. Overall survival rates at 1, 2, and 5 years
were 96.6% (95% confidence interval [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 years, 189 deaths, 49.4 deaths
per 1000 py) and decreased progressively with time on dialysis
and with age at dialysis initiation.

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). In the group of cardiovascular deaths,
the most common cause was cardiac arrest/sudden death
(54.4%), followed by fluid overload/pulmonary edema
(16.1%). In the group of infection-related deaths, sepsis was
the most common cause of death (61.5%), followed by pul-
monary infections (13.5%). Of the miscellaneous causes of
death, the most common cause was hemorrhage (due to
surgery or other cause, 9.8%), followed by pulmonary
embolus (8.2%). The cause of death varied by current treat-
ment modality (Supplementary Figure S1), with cardiovas-
cular mortality (20.5%) as the predominant cause of death in
HD patients, whereas infection was the main cause of death
in PD patients (19.5%). 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 Ta
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