
ORIGINAL ARTICLE

Clinical characteristics and outcomes of children with stage
3–5 chronic kidney disease

Tran Thi Mong Hiep & Khalid Ismaili & Frederic Collart &
Rita Van Damme-Lombaerts & Nathalie Godefroid & Marie-Sophie Ghuysen &

Koen Van Hoeck & Ann Raes & Françoise Janssen & Annie Robert

Received: 8 February 2009 /Revised: 4 December 2009 /Accepted: 7 December 2009 /Published online: 11 February 2010
# IPNA 2010

Abstract The aim of this study was to report on the
clinical characteristics and outcomes of Belgian children
with chronic kidney disease (CKD). Between 2001 and
2005, we followed 143 new successive patients younger
than 20 years of age with a glomerular filtration rate of
<60 ml/min/1.73 m2 prospectively in a Belgian department
of pediatric nephrology. The incidence of diagnosed CKD

was 11.9 per million child population (pmcp), and the
incidence of renal replacement therapy was 6.2 pmcp.
There were 67% patients in CKD stage 3, 19% in CKD
stage 4 and 14% in CKD stage 5. Patients with congenital
anomalies of the kidney and urinary tract (CAKUTs),
hereditary diseases and glomerular diseases were diagnosed
at a median age of 1, 2 and 10 years, respectively. CAKUTs
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were the main causes of CKD, accounting for 59% of all
cases. After 3, 4 and 5 years of follow-up, 27, 31 and 38%
of patients treated conservatively, respectively, reached end-
stage renal failure (ESRF). The progression rate to ESRF
was eightfold higher in patients with CKD stage 4 than in
those with CKD stage 3. Among our patient group,
hereditary diseases progressed more rapidly to ESRF than
CAKUTs. Transplantation was performed preemptively in
22% of these children. Infections and cardiovascular
diseases were the main causes of death.

Keywords End stage renal failure .Mortality .

Primary renal disease . Renal replacement therapy

Abbreviations
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ESRF End-stage renal failure
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Introduction

Most epidemiological information on chronic kidney
disease (CKD) originates from data available on terminal
stages of CKD. Data on end-stage renal failure (ESRF)
among the Belgian pediatric population collected from
1985 to 2000 were published by the European Renal
Association–European Dialysis and Transplantation Asso-
ciation (ERA–EDTA) in 2004 [1]. Due to the scarcity of
available information on early stages of CKD, a new
Belgian Pediatric Nephrology Registry (BPNR) was set up
in 2001 to include all children diagnosed with CKD, even
those with the mildest stages.

The aims of study reported here were to provide up-to-
date reliable information on the clinical characteristics and
nature of primary renal diseases, to analyze the modalities
of treatment, and to evaluate the outcomes, such as co-
morbidities, progression to ESRF and causes of death, of
Belgian children newly diagnosed with CKD and entered
into the national registry between 2001 and 2005.

Methods

Data collection

Between 1 January 2001 and 31 December 2005, 143
young patients were newly entered in the Belgian registry.
All of these patients were younger than 20 years of age and

had an estimated glomerular filtration rate (eGFR) of
<60 ml/min/1.73 m2 [2]. Serum creatinine was measured
using a Roche/Hitachi Modular P analytical system with a
blanked modification of the Jaffe reaction. The method is
based on the Jaffe reaction as modified by Bartels et al. [3].
Demographic data (date of birth, gender) and primary renal
disease were recorded for each patient.

The annual patient’s evaluation report contained the
following information: stage of CKD, treatment modality,
date of start of renal replacement therapy (RRT), date and
type of renal transplantation (preemptive, living-related
donor, cadaveric donor), co-morbidities (hypertension,
anemia, mineral and bone disorders) and causes of death.

Data were entered by all Belgian departments of
pediatric nephrology in Brussels, Liege, Antwerp, Ghent
and Leuven through a web-based system. At least one local
investigator in each department was responsible for encod-
ing all of the cases that met the inclusion criteria at his/her
center and for providing the relevant follow-up information.

A systematic audit was undertaken by the principal
investigator (Tran TM Hiep) to check the completeness of
all data relating to new pediatric CKD cases in Belgium. There
was also an internal data validation of the registry by an annual
questionnaire. Centers were asked to enter their new patients
with CKD or ESRF and to mention the adaptations/changes in
treatment modalities on a real-time basis. General evaluations,
co-morbidities and handicaps were up-dated on a yearly basis.

Definitions used

Stages of CKD were defined according to the Kidney
Disease Outcomes Quality Initiative (K/DOQI) [4], with
stage 3 defined as moderately decreased GFR (30–59 ml/
min/1.73 m2), stage 4 as severely decreased GFR (15–
29 ml/min/1.73 m2) and stage 5 as kidney failure (GFR
<15 ml/min/1.73 m2).

The date of onset of ESRF was defined as the date of
start of RRT (preemptive renal transplantation or dialysis).

The waiting time for transplantation was defined as the
time from the first dialysis to the first transplantation.

Anemia was defined according to The European Pediat-
ric Peritoneal Dialysis Working Group [5].

Hypertension was determined according to the task force
criteria [6].

Data analysis

The incidence of diagnosed CKD and RRT was defined as
the number of new cases per year and per million children
of the Belgian child population (pmcp) younger than
20 years of age, respectively. A new case of diagnosed
CKD was defined as a child with CKD stages 3 to 5 who
was followed in a Belgian pediatric nephrology department.
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For clarity, we have classified the primary renal diseases
into five groups: congenital anomalies of the kidney and
urinary tract (CAKUT), hereditary renal disorders, glomer-
ular diseases, miscellaneous causes and unknown origin.

Survival was computed till death or censored until the 21
July 2007 if alive.

Statistical analyses of progression to ESRF were
estimated using the Kaplan–Meier method. Risk for
progression to ESRF was assessed using multiple Cox
proportional hazards regression. A two-sided p value <0.05
was considered to be statistically significant. Statistical
analyses were performed using SPSS ver. 15.0 for
Windows (SPSS, Chicago, IL).

Results

Demographic characteristics

From January 2001 to December 2005, 143 new patients
with CKD stages 3 to 5 (82 boys, 61 girls, male/female
ratio 1.3) were registered and followed prospectively. The
median age at registration was 3 years (interquartile range
1–10). Patients with CAKUT, hereditary and glomerular
diseases were diagnosed at a median age of 1 (interquartile
range 1–5), 2 (interquartile range 1–7), and 10 years
(interquartile range 4–12), respectively. Among these 143
patients, 132 (92%) were of Caucasian ethnicity, eight (6%)
were African and three (2%) were Asian.

Twenty-nine and 15 new patients per year either
diagnosed with CKD or as needing RRT, respectively.
The mean annual Belgian population under 20 years of age
from 2001 to 2005 was 2 410 206 children [7], the
incidence of diagnosed CKD was at least 11.9 pmcp and
the incidence of RRT was 6.2 pmcp.

Children’s characteristics at entry

Among the 143 patients, 136 (95%) were treated conserva-
tively, and seven (5%) children required RRT immediately.

These children were classified at entry according to the
K/DOQI criteria [4]. There were 96 (67%) patients with
CKD stage 3, 27 (19%) with CKD stage 4 and 20 (14%)
with CKD stage 5. Among the 20 children with stage 5, 13/
20 (65%) were treated conservatively at entry, and the
remaining 7/20 (35%) children needed immediate RRT.

Primary renal diseases

The primary renal diseases identified are listed in Table 1.
CAKUTs were the main cause of CKD and accounted for
84/143 (59%) of the cases. Hereditary diseases accounted
for 27/143 (19%) of the cases, nephronophthisis being the

most frequent hereditary pathology (7/27, 26%). Glomer-
ular diseases were found in 19/143 (13%) of the cases,
with sequelae of hemolytic uremic syndrome being the
most frequent cause of glomerular disease (9/19 children,
47%).

Primary renal diseases by stage and age are shown in
Table 2. Glomerular diseases were more frequently found in
patients with CKD stages 4 and 5 and in teenagers (10–
19 years of age).

Co-morbidities at entry

Antihypertensive drugs were needed at entry in 20/143
(14%) patients. Among these children, 9/96 (9%) were in

Table 1 Primary renal diseases in children at chronic kidney disease
(CKD) stages 3 to 5

Primary renal disease n (%)

Congenital structural anomalies 84 (58.8)

Uropathies 12 (8.4)

Vesicoureteric reflux 9 (6.3)

Neurogenic bladder 6 (4.2)

Prune Belly syndrome 1 (0.7)

Congenital hypoplasia/dysplasia 56 (39.2)

Hereditary renal disorders 27 (18.9)

Nephronophthisis 7 (4.9)

Polycystic kidney disease 6 (4.2)

Genetic nephrotic syndrome 5 (3.5)

Alport syndrome 3 (2.1)

Cystinosis 2 (1.4)

Oxalosis 2 (1.4)

Familial hereditary disease 1 (0.7)

Metabolic disease–methylmalonic aciduria 1 (0.7)

Glomerular diseases 19 (13.3)

Hemolytic uremic syndrome 9 (6.3)

Focal segmental glomerulosclerosis 4 (2.8)

Glomerulonephritis 2 (1.4)

Syndrome de Goodpasture 2 (1.4)

Henoch-Schonlein purpura 1 (0.7)

Systemic disease 1 (0.7)

Systemic lupus erythematosus -

IgA nephropathies -

Other diagnoses 13 (9.1)

Tubular necrosis 3 (2.1)

Drug-induced nephropathy (interstitial) 3 (2.1)

Renal vascular disease 3 (2.1)

Interstitial nephritis 2 (1.4)

Renal tumor 2 (1.4)

Unknown origin -

Total 143 (100)
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CKD stage 3, 6/27 (22%) in CKD stage 4 and 5/20 (25%)
in CKD stage 5.

Anemia needing erythropoietin therapy at entry was
found in 11/143 (8%) patients, among whom 5/27 (18%)
were in CKD stage 4 and 6/20 (30%) were in CKD stage 5.
Treatment was tailored in order to reach a hemoglobin
concentration of at least 11 g/dl.

Oral vitamin D analogs capable of effective parathyroid
suppression (mostly alfacalcidol) were needed at entry in
45/143 (32%), among whom 20/96 (21%), 12/27 (44%) and
13/20 (65%) were in CKD stages 3, 4 and 5, respectively.

CKD evolution during follow-up

The median follow-up time for the 143 patients was
3.9 years (interquartile range 2.7–4.9).

Figure 1 shows the cumulative incidence of ESRF among
the 136 children treated conservatively at entry. After 3, 4 and
5 years of follow-up, 27.0±3.9, 30.7±4.4 and 37.6±5.1% of
these children reached ESRF, respectively.

Using Cox regression (Fig. 2) in order to adjust for age
and gender, we found that progression rate to ESRF was
8.47-fold higher in children with CKD stage 4 than those
with CKD stage 3. Hereditary diseases progressed threefold
more rapidly to ESRF than CAKUTs (P=0.003).

Renal replacement therapy

Among the 143 patients followed, 39/143 (27%) started
dialysis during follow-up. Hemodialysis (HD) was per-
formed in 19/39 (49%) children and peritoneal dialysis
(PD) in 20/39 (51%). The median age at the start of dialysis
was 4 years (interquartile range 1–11).
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Fig. 1 Cumulative incidence of progression to end-stage renal failure
(ESRF) over time in 136 new chronic kidney disease (CKD) cases
treated conservatively at entry
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Fig. 2 Prognostic value of age, gender, stage of CKD and causes in
progression to ESRF after Cox multiple regression. Asterisks
Reference categories, horizontal bars 95% confidence intervals

Table 2 Primary renal diseases for CKD by stage and age group

Primary renal diseases Stage Age at entry (years)

3 (n=96) 4 and 5 (n=47) 0–4 (n=85) 5–9 (n=19) 10–19 (n=39)

Congenital structural anomalies 59 (61.4) 25 (53.2) 56 (65.9) 11 (57.9) 17 (43.6)

Hereditary renal disorders 18 (18.8) 9 (19.1) 18 (21.2) 2 (10.5) 7 (17.9)

Glomerular diseases 11 (11.5) 8 (17.0) 5 (5.9) 1 (5.3) 13 (33.3)

Other diagnoses 8 (8.3) 5 (10.6) 6 (7.1) 5 (26.3) 2 (5.2)

Data are given as the number (n) of patients with the percentage in parenthesis
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In the same period, 36/143 (25%) patients were trans-
planted, among whom 8/36 (22%) had a preemptive trans-
plantation (one with a living related donor allograft). The
median age at first transplantation was 5 years (interquartile
range 3–11). Among all transplanted children, 31/36 (86%)
received a graft from cadaveric origin and 5/36 (14%)
received a graft from a living-related donor. The median
waiting time for the first transplantation was 1.0 year
(interquartile range: 0.6–2.1).

Mortality

Among the 143 patients, four patients (3%) died during
follow-up. The first patient died because of septicemia after
combined renal and liver transplantation at the age of
3 years. The second patient died while on PD with acute
pneumonia at the age of 4 years. The two remaining
patients, both of whom were in stage 4 CKD at entry, were
on conservative treatment and had a severe cardiovascular
disease; they died at the age of 1 and 13 years, respectively.

Discussion

Worldwide, the number of patients with CKD is rising
markedly, especially among the adult population [8]. In
contrast, pediatric CKD patients constitute a very small
proportion of the total CKD population, but they pose
unique challenges to pediatricians and to the health care
system, which must address the primary renal disorder and
many extra-renal manifestations that affect clinical and
social development [8].

We carried out this nationwide study of newly diagnosed
Belgian young patients with stage 3–5 CKD at the begin-
ning of 2001. The Belgian health system allows patients
free access to all medical specialties, including pediatric
nephrology. Therefore, all Belgian departments of pediatric
nephrology participated to the study. Whether the whole
Belgian pediatric population is covered in the study, however,
is uncertain, especially for adolescents, as some of these
patients may be cared for and followed by adult caregivers.
Consequently, we believe that the data presented here provide
only a reliable evaluation of the incidence of diagnosed CKD
in Belgian children and newly diagnosed adolescents who
were followed by a pediatric nephrology department.

Previous studies attempting to describe the epidemiology
of renal insufficiency in children have provided important
estimates, but they only included severe degrees of renal
insufficiency, thereby providing an incomplete picture. As
CKD is often asymptomatic in its early stages, it is both
misdiagnosed and underreported. Many children with renal
impairment (particularly congenital abnormalities) may
reach ESRF in adulthood before the disease is detected as

a result of the pediatrician missing the diagnosis during the
patient’s childhood. This may also explain why the
proportion of CKD stages 4 and 5 represents 33% of newly
diagnosed cases.

The eGFR as calculated by the Schwartz formula
significantly overestimates the GFR [9]. In our study,
serum creatinine was measured using a modification of
the Jaffe reaction. The Schwartz formula is, however, fairly
reliable. Although glomerular function needs to be mea-
sured as accurately as possible, this is difficult in children.
For all new patients, we have therefore decided to measure
creatinine clearance in 24-h urine collection in continent
children and chromium ethylenediaminetetraacetic acid in
the youngest age group.

With an incidence of diagnosed CKD of at least
11.9 pmcp of children found in this study, Belgium falls
in the same category as Italy (12.1 pmcp) [10]. The inci-
dence of RRT in this study (6.2 pmcp) was also comparable
to those reported by other West European countries, such as
the Netherlands (5.8 pmcp) [11] and France (7.5 pmcp)
[12]. However—and unfortunately—methodological differ-
ences in case definitions and disease classifications contin-
ue to make it difficult to compare studies of the
epidemiology of CKD in young populations in different
geographical areas, even in Europe [13].

CAKUTs account for the greatest percentage of all cases
of CKD seen in children [8]. However, whereas CAKUTs are
the most common reported etiology in developed countries
where CKD is diagnosed in its earlier stages, infectious or
acquired causes predominate in developing countries,
where patients are referred in the later stages of CKD [14].
In North America, almost one-half of all CKD cases are
accounted for by patients with the diagnoses of obstructive
uropathies (22%), aplasia/hypoplasia/dysplasia (18%) and
reflux nephropathy (8%) [15]. The same figures have been
found in Belgium and other European countries [10].

These generalizations apart, certain disorders giving
rise to CKD are, indeed, more common in some countries
than in others. For reasons that are as yet unexplained,
hemolytic uremic syndrome represents the largest sub-
group of systemic diseases responsible for CKD found in
our study (6.3%). The same finding was reported in the
Netherlands (5.4%) [11]. Other countries, such as Sweden
and the USA, reported comparatively lower numbers of
such cases [15, 16].

It has recently been recognized that children and young
adults with CKD are also at a significantly increased risk of
cardiovascular morbidity and even mortality compared to
the general pediatric population [17]. In the USA, hyper-
tension and anemia requiring erythropoietin therapy were
found in 39 and in 18%, respectively, of all CKD patients at
entry [15]. In comparison, our data show a lower number of
cases receiving antihypertensive drugs and erythropoietin.
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This discrepancy is probably due to the higher proportion
of CKD stage 3 patients reported in our study.

Although the stages of CKD are now reasonably well
defined, the natural history of the early stages is variable
and often unpredictable. Our data have shown, however,
that the progression rate to ESRF was higher in patients in a
severe stage of CKD at entry. Irrespective of the underlying
kidney disease, it is clear that the risk of progression to
ESRF in childhood is inversely proportional to the baseline
creatinine clearance [18].

In developed countries, the distribution of dialysis
modalities varies widely. As an example, PD in children
is highest in Finland and Scotland, accounting for 73 and
67%, respectively of prevalent dialysis patients [1]. In our
study, PD and HD were performed in the same proportion.
It is possible that the choice of dialysis modalities in
Belgium depends mainly on medical skills and preference
of the different centers, such as trained nursing staff and
comprehensive supportive services.

In Europe, preemptive transplantation was performed in
13–25% of patients during the period 1995–2000 [1].
Norway has had the highest preemptive transplant rate.
Considering these figures, it is encouraging, in view of its
advantages over dialysis, to note that preemptive trans-
plantations were performed in 22% of all newly diagnosed
CKD children between 2001 and 2005 in Belgium.

In general, the pattern of the causes of death in Belgium
was comparable to that in other European countries, where
infectious and cardiac diseases were the leading causes of
death [1].

Conclusion

This study provides detailed information on the incidence,
causes and overall outcomes of mild to severe CKD among
Belgian children. The incidences of diagnosed CKD and
RRT among our patient population are comparable to those
in other European countries. CAKUTs were the main
causes of CKD. Risk for rapid progression to ESRF was
found to be 8.5-fold higher among patients with stage 4
CKD than those with stage 3. Hereditary diseases have a
higher risk of rapidly progressing to ESRF than CAKUTs.
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