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background

 

Although renal-replacement therapy for children with end-stage renal disease has been
used for several decades, data on patients’ long-term survival are sparse.

 

methods

 

We examined the long-term survival of all children and adolescents who were under
20 years of age when renal-replacement therapy commenced (study period, April 1963
through March 2002), using data from the Australia and New Zealand Dialysis and
Transplant Registry. Survival was analyzed with the use of Kaplan–Meier methods and
age-standardized mortality rates. Risk factors for death were analyzed with the use of
Cox regression analysis with time-dependent covariates.

 

results

 

A total of 1634 children and adolescents were followed for a median of 9.7 years. The
long-term survival rate among children requiring renal-replacement therapy was 79
percent at 10 years and 66 percent at 20 years. Mortality rates were 30 times as high as
for children without end-stage renal disease. Risk factors for death were a young age at
the time renal-replacement therapy was initiated (especially for children under 1 year
of age, among whom the risk was four times as high as for children 15 to 19 years of
age) and treatment with dialysis (which was associated with a risk more than four
times as high as for renal transplantation). Overall, a trend toward improved survival
was observed over the four decades of the study.

 

conclusions

 

Despite improvement in long-term survival, mortality rates among children requir-
ing renal-replacement therapy remain substantially higher than those among children
without end-stage renal disease. Increasing the proportion of children treated with re-
nal transplantation rather than with dialysis can improve survival further.
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nd-stage renal disease, which is a

 

rare but important health problem among
children, occurs in about 5 to 10 children

per million each year.

 

1

 

 The disease is a chronic con-
dition; even renal transplantation does not mean
lifelong cure. Quality-of-life studies have shown
that life without native kidney function is very diffi-
cult for children and their families.

 

2

 

Forty years ago, children with end-stage renal
disease died. Now, almost all such children are
treated with dialysis or renal transplantation. Treat-
ment typically involves multiple therapies, depend-
ing upon the availability of kidneys for transplanta-
tion and the long-term survival of the transplants.
Long-term survival rates among children with end-
stage renal disease are uncertain, and there are few
data to inform patients, families, clinicians, and
policymakers about survival. The available studies
are generally short-term,

 

3-6

 

 are based on single-
center experiences,

 

7

 

 and include only information
with regard to patients receiving dialysis, patients
undergoing transplantation, or patients in specific
age groups.

 

8

 

The Australia and New Zealand Dialysis and
Transplant (ANZDATA) Registry has prospectively
collected data on all children in whom renal-replace-
ment therapy was started in Australia or New
Zealand beginning in 1963. Using data from this
registry, we examined long-term survival among
children treated for end-stage renal disease and
identified modifiable and unmodifiable risk fac-
tors for death.

 

study design

 

We performed a prospective inception-cohort study
from the time renal-replacement therapy was ini-
tiated for all children and adolescents younger than
20 years of age in Australia and New Zealand who
were registered in the ANZDATA Registry. The reg-
istry collects information every six months from all
the renal units in Australia and New Zealand about
all patients receiving renal-replacement therapy
who have a diagnosis of chronic renal failure and
for whom indefinite renal-replacement therapy is
intended. Details regarding the registry have been
reported elsewhere.

 

9

 

The data collection is complete from the first
use of renal-replacement therapy in Australia and
New Zealand and includes information on the cause
of end-stage renal disease, demographic character-

istics of the patients, a limited range of coexisting
conditions (which since 1991 have included coro-
nary artery disease, peripheral vascular disease,
cerebrovascular disease, chronic lung disease, hy-
pertension, and smoking), and details of dialysis
treatment and renal transplantation. Nephrologists
are asked to provide a cause of death for children
who have died, but death certificates are not direct-
ly reviewed by the ANZDATA Registry. 

The consent and privacy provisions of the
ANZDATA Registry have evolved over time and
currently require informed consent from patients
or a parent or legal guardian and include a right of
access to personal information.

 

9

 

 The registry is con-
ducted in accordance with the Australian Common-
wealth Privacy Act and associated state legislation
governing health data collection. The anonymity of
patient information is maintained by the coding of
data during compilation; only information with per-
sonal identifiers removed is released by the registry.

All patients who were younger than 20 years of
age when renal-replacement therapy commenced
and whose first treatment occurred before April 1,
2002, were included in our analysis. Patients were
followed until death or until March 31, 2002, which-
ever occurred first. Children who regained native
renal function permanently despite their initial as-
sessment were excluded; data on those lost to fol-
low-up were censored as of the date of the last fol-
low-up visit. The sole outcome examined was
death, ascertained with the use of the registry data.

 

statistical analysis

 

The time from the start of renal-replacement ther-
apy to death or the date on which the data were cen-
sored was analyzed with the use of the Kaplan–Mei-
er method and Cox proportional-hazards models.
Standardized mortality rate ratios and age-specif-
ic mortality rate ratios were calculated for Austra-
lian children only, with the use of contemporary
life-expectancy values derived from life tables of the
Australian Bureau of Statistics.

A multivariate Cox proportional-hazards

 

 

 

model
was constructed with age, sex, the decade in which
renal-replacement therapy was initiated, primary
renal disease, and type of dialysis (hemodialysis or
peritoneal dialysis) as predictive variables. A cate-
gorical, time-dependent covariate was used for the
type of renal-replacement therapy (hemodialysis,
peritoneal dialysis, or transplantation) to allow for
changes in type of therapy over time. Age and the
year in which renal-replacement therapy was start-

e

methods
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ed were considered as categories in order to avoid
the assumption of linear relationships with out-
come. Age was analyzed in five-year categories, ex-
cept for children younger than one year of age, who
were considered as a separate group because they
have a worse prognosis.

 

3,4,6,10

 

 Inclusion in the fi-
nal model was determined by a backward stepwise
process with the use of the likelihood ratio to eval-
uate the effect of omitting variables. Stata statisti-
cal software (version 7.0, Stata) was used for the
analysis; a P value of 0.05 was considered to indi-
cate statistical significance, and 95 percent confi-
dence intervals are provided when relevant.

 

demographic characteristics

 

Between April 1, 1963, and March 31, 2002, 1634
children and adolescents under 20 years of age
commenced renal-replacement therapy in Austral-
ia or New Zealand (Table 1). Of these patients, 917
were boys (56 percent). A total of 18,392 person-
years of follow-up were available. Of these, 4072
person-years took place during hemodialysis treat-
ment (including 1435 person-years, or 35 percent,
in the form of hemodialysis at home), 1633 per-
son-years of peritoneal dialysis (including 1473 per-
son-years, or 90 percent, in the form of of perito-
neal dialysis at home), and 12,686 person-years
with a functioning renal transplant. Data on 32 chil-
dren (2 percent) were censored as of the date of
the last follow-up visit, owing to loss to follow-up
(primarily as a result of relocation overseas). The
median period of follow-up was 9.7 years (range,
1 month to 35 years; interquartile range, 4.1 to 17.6
years).

The number of children over five years of age
when renal-replacement therapy is initiated has

been constant since the mid-1980s, but the num-
ber under five years of age at the start of therapy has
increased. Reported causes of end-stage renal
disease were consistent with those in other stud-
ies and varied with age. Congenital problems pre-
dominated among younger children, and reflux ne-
phropathy and glomerulonephritis among older
children. Twenty-six percent of children who were
younger than 5 years of age when renal-replacement
therapy commenced had renal hypoplasia and dys-
plasia, as compared with 5 percent of those who
were 10 to 19 years of age when the therapy was ini-
tiated. In children younger than five years of age at
the initiation of renal-replacement therapy, only
11 percent had glomerulonephritis and 3 percent
had reflux nephropathy. In contrast, 44 percent of
children 10 to 19 years of age had glomerulone-
phritis and 25 percent had reflux nephropathy.

 

mode of treatment

 

Among the 1634 children, 1398 (86 percent) re-
ceived 1 or more renal transplants (of 1939 trans-
plantations, 136 were of grafts that were transplant-
ed into patients who had not previously received
dialysis treatment, or preemptive grafts, and 3 were
performed outside Australia or New Zealand). Over-
all, the median waiting time from the initiation of
renal-replacement therapy among the 515 chil-
dren whose first allograft was from a living donor
was 137 days (interquartile range, 10 to 382), and
the median waiting time was 402 days (interquar-
tile range, 192 to 785) among those whose first
graft was a cadaveric allograft. The proportion of
allografts from living donors has steadily increased
over time — from 5 percent to 21 percent, 35 per-
cent, and 64 percent among children commencing
renal-replacement therapy in the decades 1963 to
1972, 1973 to 1982, 1983 to 1992, and 1993 to 2002,
respectively. Median times from the initiation of
renal-replacement therapy to the first transplan-
tation among patients who received dialysis for a
period were 161, 334, 324, and 296 days among
children who commenced renal-replacement ther-
apy in the decades 1963 to 1972, 1973 to 1982,
1983 to 1992, and 1993 to 2002, respectively. Mono-
clonal- or polyclonal-antibody therapy for prophy-
laxis against rejection was used after transplanta-
tion of 319 allografts (16 percent).

The proportion of children receiving renal
transplantation as renal-replacement therapy has
remained steady over time. More older children
tended to be treated with dialysis than with renal

results

 

Table 1. Number of Children Treated for End-Stage Renal Disease in Australia 
and New Zealand in the Period from 1963 to 2002, According to Age 
and Decade of Initial Treatment.

Decade of Initial
Treatment Age

 

<1 Yr 1–4 Yr 5–9 Yr 10–14 Yr 15–19 Yr Total

1963–1972 0 4 6 31 86 127

1973–1982 0 12 57 120 262 451

1983–1992 9 38 75 156 267 545

1993–2002 26 64 85 121 215 511

Total 35 118 223 428 830 1634
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transplantation. Among children in our study, the
median duration of hemodialysis was 1.7 years
(interquartile range, 0.5 to 4.3), that of peritoneal
dialysis 1.1 years (interquartile range, 0.4 to 2.5),
and that of a functioning transplant 7.4 years (in-
terquartile range, 2.7 to 14.3).

 

overall survival and causes of death

 

During the study period there were 436 deaths:
142 deaths occurred in patients with a functioning
renal transplant, 97 in patients who were receiving
peritoneal dialysis, and 197 in patients who were
receiving hemodialysis. The most common cause
of death was cardiovascular disease (45 percent),
and the second most common cause was infection
(21 percent). Of the deaths due to cardiovascular
causes, 25 percent were attributed to cardiac arrest
(cause uncertain), 16 percent to cerebrovascular
accident, 14 percent to myocardial ischemia, 12
percent to pulmonary edema, 11 percent to hyper-
kalemia, and 22 percent to other cardiovascular
causes.

The cause of death varied with the type of renal-
replacement therapy — cardiovascular causes ac-
counted for 57 percent of deaths among children
receiving hemodialysis, 43 percent among those
receiving peritoneal dialysis, and only 30 percent
among those with a functioning renal transplant.
In contrast, malignant diseases were responsible
for 14 percent of deaths among children who had
a functioning transplant, but only 1 percent of
deaths among patients receiving hemodialysis and
2 percent among those receiving peritoneal dialy-
sis. Death from malignant disease generally oc-
curred late, accounting for only 1 percent of deaths
in the first four years after renal-replacement ther-
apy was initiated and 2 percent five to nine years af-
ter the start of renal-replacement therapy. In con-
trast, malignant disease accounted for 13 percent
of deaths that occurred 10 to 14 years after the start
of renal-replacement therapy and 17 percent of
deaths 15 or more years after its start.

The proportion of deaths attributed to infec-
tion has declined over time, from 39 percent (12
of 31 deaths) between 1963 and 1972 to 16 percent
(26 of 163) between 1993 and 2002. Across age
groups, cardiovascular death accounted for 20 per-
cent of deaths (2 of 10) among children younger
than 1 year of age at the start of renal-replacement
therapy, 24 percent (6 of 25) among those 1 to
4 years of age at its start, but 47 percent among
those 5 to 9 years of age at the start of renal-

replacement therapy (23 of 49), 44 percent among
those 10 to 14 years of age at its start (48 of 110),
and 48 percent among those 15 to 19 years of age
at its start (117 of 242).

Rates of survival after 5, 10, 15, and 20 years of
renal-replacement therapy are shown in Table 2.
Contemporary Australian population data indicate
that the expected 20-year survival among children
is greater than 97 percent at all ages

 

11

 

; however, for
this cohort with end-stage renal disease, mortality
greatly exceeded the population rates in all age
groups (Table 3).

Rates of long-term survival among infants as
compared with older children with end-stage renal
disease appear worse, particularly in the first five
years after the initiation of renal-replacement ther-
apy (Table 2). After a substantial improvement in
survival occurred in most age groups in the years
from 1963 to 1973, and further improvement from
1973 to 1983, less change occurred from 1983 on-

 

Table 2. Unadjusted Long-Term Survival among Children with End-Stage 
Renal Disease in Australia and New Zealand, According to Age at the Start 
of Renal-Replacement Therapy.

Age (Yr) Survival

 

5 Yr 10 Yr 15 Yr 20 Yr

 

percentage (95 percent confidence interval)

 

<1 73 (54–85) 67 (46–81) 67 (46–81) —

1–4 79 (70–86) 78 (68–85) 74 (16–83) 74 (61–83)

5–9 87 (81–91) 79 (73–85) 73 (66–80) 72 (64–79)

10–14 88 (85–91) 79 (74–83) 70 (65–75) 68 (62–73)

15–19 86 (83–88) 79 (76–82) 72 (68–75) 65 (60–69)

0–19 86 (84–88) 78 (76–80) 71 (69–74) 66 (63–69)

 

* Numbers in parentheses are 95 percent confidence intervals.

 

Table 3. Age-Specific Rate Ratios for Death within 10 Years among Children 
Who Started Renal-Replacement Therapy in Australia in the Period from 1963 
to 2002, as Compared with Age-Specific Mortality among the General
Australian Population.*

Decade Therapy
Started Rate Ratio for Death

 

0–4 Yr 5–9 Yr 10–14 Yr 15–19 Yr

1963–1972 116 (37–358) 236 (98–566) 111 (64–198) 52 (36–75)

1973–1982 63 (26–151) 122 (75–199) 71 (49–104) 20 (14–28)

1983–1992 30 (16–57) 30 (13–73) 37 (23–59) 19 (13–27)

1993–2002 32 (17–59) 94 (39–226) 35 (16–78) 30 (18–49)
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ward (Fig. 1). In data categorized by calendar year,
the death rates were 11.0 (95 percent confidence
interval, 7.9 to 15.4) per 100 patient-years between
1963 and 1972, 4.4 (95 percent confidence inter-
val, 3.7 to 5.3) per 100 patient-years between 1973
and 1982, 2.0 (95 percent confidence interval, 1.7
to 2.4) per 100 patient-years between 1983 and
1992, and 1.8 (95 percent confidence interval, 1.5
to 2.1) per 100 patient-years since 1993.

Rates of survival also varied with the type of
renal-replacement therapy. Overall mortality rates
were 4.8 (95 percent confidence interval, 4.2 to 5.6)
per 100 patient-years among patients receiving
hemodialysis, 5.9 (95 percent confidence interval,

4.9 to 7.2) per 100 patient-years among those re-
ceiving peritoneal dialysis, and 1.1 (95 percent con-
fidence interval, 0.9 to 1.3) per 100 patient-years
among those with a functioning renal transplant.

Multivariate analysis suggested that a younger
age at the start of renal-replacement therapy, re-
ceiving dialysis rather than renal transplantation,
and commencing renal-replacement therapy be-
fore 1983 were associated with an increased risk of
death. There was a weak interaction between trans-
plantation and the decade in which renal-replace-
ment therapy was started (P=0.07), but the benefit
associated with transplantation at all times was
similar (Fig. 2).

 

Figure 1. Kaplan–Meier Graphs of Overall Rates of Survival among Children and Adolescents with End-Stage Renal 
Disease in Australia and New Zealand from 1963 to 2002, According to Age and Decade during Which Treatment Began.

 

The number of patients at risk at each time point is shown below each graph. Dashes indicate that follow-up data are not 
yet available.
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delay before transplantation

 

Delay in kidney transplantation as a potential risk
factor for early death was analyzed by comparing
mortality among groups with different lengths of
time until transplantation. To account for survival
bias, delay as a predictor of early death was analyzed
beginning two years after the initiation of renal-
replacement therapy. There was no significant dif-
ference in mortality observed among those who
survived to two years among groups with different
lengths of time until transplantation (Fig. 3).

Our data indicate that a substantial improvement
in the long-term survival of children and adoles-
cents with end-stage renal disease occurred over
the past 40 years. The experimental nature of the
use of dialysis and transplantation among chil-
dren during the decade from 1963 to 1972 provides
a partial explanation, given that the improvement
in mortality subsequently slowed. Ten-year surviv-
al remains about 80 percent, and age-specific mor-
tality is about 30 times as high as among children
without end-stage renal disease.

These mortality rates are similar to those re-
ported in a U.S. study for the period from 1990 to
1996

 

12

 

 but are slightly higher than those reported
in a Dutch study of a smaller cohort

 

13

 

 that did not
include adolescents. The distribution of primary
renal disease and the mortality rates among pa-
tients receiving dialysis in our study are similar
to those in recent reports from the North Ameri-
can Pediatric Renal Transplant Collaborative Study
(NAPRTCS), in which the duration of follow-up
was shorter for a cohort of pediatric dialysis pa-
tients.

 

6

 

 The causes of death reflect the excess risk
of cardiac disease and vascular disease and the
high prevalence of left ventricular hypertrophy and
dyslipidemia among children treated with renal-
replacement therapy.

 

14-16

 

 The number of deaths
from cardiovascular disease among the patients
who received dialysis in our study was higher than
that reported by the U.S. Renal Data System (37
percent)

 

17

 

 and by the NAPRTCS (21 percent).

 

18

 

 De-
tailed comparisons, however, are hindered by the
different coding systems used in the various stud-
ies, especially the different definitions of diag-
noses coded “unknown” and “other.”

The trend toward improvement in the rates of
survival among patients in our study has also
been observed since 1987 among patients in the

NAPRTCS Registry who have undergone renal
transplantation.

 

18

 

 The 2003 NAPRTCS report

 

18

 

noted that the overall rate of survival to 36 months
was 96.6 percent among recipients of kidney
transplants from living donors and 94.8 percent
among those receiving cadaveric kidneys — values
similar to the 1.1 percent annual mortality rate
we observed among transplant recipients. The
strengths of our study — the large number of chil-
dren in the study, prospective data collection, the

discussion

 

Figure 2. Hazard Ratios for Death among Children and Adolescents 
with End-Stage Renal Disease in Australia and New Zealand, According to 
Selected Predictive Variables.

 

Hazard ratios were derived in a multivariate Cox proportional-hazards model. 
The asterisks indicate the reference categories. Horizontal bars indicate 95 per-
cent confidence intervals.
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availability of accurate data on the type of renal-
replacement therapy, and the long duration of fol-
low-up with minimal loss to follow-up — enabled
us to provide valid and reasonably precise estimates
of long-term survival and to identify modifiable and
unmodifiable risk factors for death.

The year in which renal-replacement therapy
was initiated, the age of patients at the start of re-
nal-replacement therapy, and the type of dialysis
used were associated with the risk of death. Our
data suggest that the older a child is when renal-
replacement therapy is required, the better his or
her chances for long-term survival. This improved
survival may be due to the less aggressive nature
of the underlying renal disease process, to the fact
that associated coexisting conditions are more like-
ly to occur in infants and young children, or to the
greater technical challenges of delivering renal-
replacement therapy to young and small children.

Perhaps more important is our finding that di-
alysis is associated with a risk of death that is four
times the risk associated with renal transplanta-

tion. The improvement in survival after renal trans-
plantation is substantial and sustained. This find-
ing is consistent with the relative survival advantage
among adults who have undergone transplanta-
tion, as shown in studies conducted in Australia
and New Zealand

 

19

 

 and in the United States.

 

20

 

 The
proportion of children with end-stage renal dis-
ease who are treated with transplantation can be in-
creased by increasing the number of kidneys avail-
able for transplantation (that is, by increasing rates
of donation from living donors or by preferential-
ly allocating cadaveric kidneys to children) and by
means of improvements in the preservation of the
renal function of allografts. These interventions are
being attempted widely, with some variation among
and within countries. Others have shown a surviv-
al advantage in the short term among children who
receive “preemptive” transplants from living do-
nors before the need for dialysis arises.

 

5

 

We did not find that a longer period of dialysis
before transplantation was detrimental to survival
after transplantation. However, there was limited
statistical power in the present study for this com-
parison. Although we looked at survival only among
children who survived longer than two years after
the onset of end-stage renal disease, some residu-
al survival bias may account for this lack of dif-
ference; the ANZDATA Registry does not collect
enough details about coexisting conditions for us
to adjust fully for this potential effect. Neverthe-
less, patients who have a longer wait for renal trans-
plantation will have worse overall outcomes, be-
cause they are exposed for a longer period to the
increased risk of death that is associated with dial-
ysis treatment. This fact is a clear incentive to in-
crease the rates of transplantation among children
with end-stage renal disease.

There was a low rate of loss to follow-up in the
cohort. Informally, the ANZDATA Registry data are
believed to be accurate: information is checked
against available data from tissue-typing and or-
gan-donation sources, but formal audit mecha-
nisms were not in place during the period we
studied. Data on deaths were not checked against
death certificates; a previous study that matched
the registry’s data on deaths with national death-
certificate reports

 

21

 

 has confirmed that mortality
(though not necessarily cause) was accurately as-
certained.

The current study has weaknesses. The
ANZDATA Registry does not record details of pa-
tients with end-stage renal disease who are not

 

Figure 3. Kaplan–Meier Graph of Survival Rates among Children and Adoles-
cents in Australia and New Zealand Who Survived at Least Two Years 
after the Start of Renal-Replacement Therapy, According to the Length 
of Time to Transplantation.

 

The numbers at the bottom are patients at risk grouped by period of dialysis 
treatment before transplantation. P values are for the comparison with patients 
who underwent transplantation within 12 months after renal-replacement 
therapy was started. Preemptive transplantation refers to renal transplanta-
tion in patients who had not previously received peritoneal dialysis or hemo-
dialysis.
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treated, and treatment thresholds have clearly been
lowered over time, particularly among children.
These changing thresholds are likely to be reflect-
ed in both referral and selection biases — that is,
sicker children were less likely to be referred for
renal-replacement therapy and, after they are re-
ferred, are less likely to be offered such treatment.
These biases would lead to the underestimation
of improvements in outcome over time, with an in-
creasing tendency toward treating sicker children.
Attitudes among nephrologists toward offering re-
nal-replacement therapy to very young children
vary considerably.
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Although the qualifications
of treating physicians are not specifically collected
by the registry, patients under 20 years of age in
Australia and New Zealand are treated almost ex-
clusively by pediatric nephrologists in specialist
pediatric centers. Other information about details
of treatment in the registry are limited. Data on he-
moglobin concentrations and the use of erythro-
poietic agents have been collected only since 2000,
and data on lipid levels and blood pressure are not
collected. The use of growth hormone has been
sparse; approximately one third of children in Aus-
tralia and less than 10 percent in New Zealand have
received growth hormone.

 

1

 

Any misclassifications of data with regard to
exposure or outcome are likely to be nondifferen-
tial with respect to study periods and types of treat-
ment; thus, our findings regarding associations
between the type of treatment and outcomes are
conservative. The time-dependent covariates used
in our model result in the attribution of death to the
type of renal-replacement therapy in use immedi-
ately before death. This method may result in an
overestimation of the benefit of transplantation,

since deaths that occurred among patients re-
ceiving dialysis but that were related to the recent
failure of a renal transplant were attributed to the
use of dialysis. Another obvious source of bias in
the comparison of outcomes between dialysis and
transplantation is the selection of the healthier pa-
tients to undergo transplantation, although the
high proportion of patients in our study cohort who
received a renal transplant suggests this effect is
relatively minor.

Our data indicate that long-term survival can be
expected for most children with end-stage renal
disease. Transplantation remains the major modi-
fiable factor in improving the long-term survival of
children and adults with this disease. Early trans-
plantation appears indicated to prevent exposure
to the increased risks associated with dialysis ther-
apy. Yet mortality rates among children who un-
dergo transplantation remain in excess of those
in the normal population. The challenge ahead is
to reduce the incidence of the cardiovascular and
malignant diseases that account for the bulk of
long-term mortality among children with end-stage
renal disease.
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