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Abstract. The 1996 annual report of the Chronic Renal
Insufficiency Arm of the North American Pediatric Renal
Transplant Cooperative Study (NAPRTCS) summarizes
descriptive data and highlights important features on
1,725 patients from 130 centers. This database contains
information on patients with an estimated glomerular fil-
tration rate (GFR) #75 ml/min per 1.73 m2 as calculated by
the Schwartz formula, who were treated on or after 1 Jan-
uary 1994. Thus this report reflects 2 years of data entry.
Analysis of the data revealed that nearly two-thirds of pa-
tients registered had a structural anomaly. On average,
patients were 1.5 standard deviations below age- and sex-
specific norms for height, and 0.6 standard deviations
below weight norms. Mean serum creatinine for the entire
group was 2.4 mg/dl and 68% of patients had a baseline
GFR of at least 25 ml/min per 1.73 m2. The mean hema-
tocrit for all children at registration was 33.3+6.3%, and
did not vary among age groups. Overall, 30.9% of patients
had a hematocrit 530%. Only 12.8% of patients were re-
ceving Epoetin therapy. Although still in infancy, the
Chronic Renal Insufficiency Arm of the NAPRTCS data-
base in providing important insights into this disorder.

Key words: Chronic renal insufficiency ± Creatinine ±
Epoetin ± Growth hormone

Introduction

The North American Pediatric Renal Transplant Co-
operative Study (NAPRTCS) is an initiative which origi-
nated in 1987. At that time, information was voluntarily

shared on pediatric renal transplant recipients from
87 centers in the United States and Canada [1]. The goal at
origination was to collect data, describe standard clinical
practices, and analyze outcomes for this population. The
long-term objective was to identify factors which affect
morbidity and mortality, and to ultimately improve the
standard of care. As this effort evolved, the number of
participating centers grew, and in 1992 the initiative was
expanded to collect and evaluate data on pediatric dialysis
patients [2]. A second expansion in 1994 added enrollment
and data entry on pediatric patients with chronic renal in-
sufficiency (CRI). This expansion of NAPRTCS provides a
unique opportunity to closely study natural progression of
pediatric patients with CRI. In addition, it will be possible
to track patients' progression from renal insufficiency to
renal replacement therapy with dialysis and transplantation,
as the database matures. As of January 1996, the
NAPRTCS database contained information on 6,892 chil-
dren and adolescents receiving care at 130 centers in the
United States, Canada, Mexico, and Costa Rica. The pur-
pose of this report is to summarize descriptive data and
highlight important features of the 1,725 patients enrolled
in the CRI arm of this research effort.

Patients and methods

Patients are eligible for enrollment in the CRI arm of NAPRTCS if
they are younger than 21 years at their first reported clinic visit and
have an estimated glomerular filtration rate (GFR) #75 ml/min per
1.73 m2 as calculated by the Schwartz formula [3, 4]. Data on diag-
nosis, selected laboratory values, concomitant medications, and med-
ical events are collected and sent to the data coordinating center (DCC)
of NAPRTCS at the time of patient registration and every 6 months
thereafter. Collection of data on the CRI patients was begun in Sep-
tembe 1994. Data were reported retrospectively to include the first
patient visit occurring on or after 1 January 1994. The information in
this report includes all data received in the DCC through 16 January
1996. Enrollment data have been received on 1,725 patients with 6-
and 12-month follow-up data on 1,008 and 508 patients, respectively.
Standard descriptive statistical analyses were performed by the DCC.
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Results

Patient characteristics

Of the 1,725 patients entered in the CRI registry, 67% were
male and 60% were white. At time of entry into the study,
35% of patients were between 6 and 12 years of age, 17%
were less than 2 years of age, and only 3.5% were over
18 years. The most common primary diagnoses were ob-
structive uropathy (26%), renal aplasia, hypoplasia, dys-
plasia (20%), reflux nephropathy (9%), focal segmental
glomerulosclerosis (6%), and polycystic kidney disease
(4.2%). Nearly two-thirds of patients registered had a
structural anomaly. Table 1 lists all diagnoses assigned to
patients and shows primary diagnosis with a breakdown for
different age groups. Table 2 shows primary renal diagnosis
and percentage biopsy confirmation.

Data on baseline renal function at entry were collected
on patients. When corrected for body surface area, the
youngest patients (0± 1 years) had the lowest mean GFR at
28.5 ml/min per 1.73 m2, compared with a mean GFR in
older patients (13 ± 20 years) of 38.1 ml/min per 1.73 m2.
Overall, 68% of all patients had a baseline GFR of at least
25 ml/min per 1.73 m2. Calculated GFR data by age are
presented in Table 3. Follow-up data on renal function were
available on 497 patients for a 1-year period. These follow-
up data are presented in Table 4.

Information on selected medical events prior to study
enrollment was collected. At the time of registration, 41%
of all children had undergone urological surgery and 38%
had had a urinary tract infection. Urological intervention
was greatest (62%) in the 1,038 children with primary renal
diseases associated with urological abnormalities, i. e.,
renal aplasia/dysplasia, obstructive uropathy, pyelonephritis
or interstitial nephritis, and reflux nephropathy. Not un-
expectedly, 91% of those with obstructive uropathy had
required surgery. Fifty-four percent of children with uro-
logical abnormalities had had a urinary tract infection prior
to enrollment and 41% were receiving prophylactic anti-
biotics. During the post-registration observation periods,
urinary tract infections were reported in 12%, 11%, and
13.0% of children during consecutive 6-month intervals.

At the time of enrollment, 9% of children had a history
of seizure and 4% were receiving anticonvulsant therapy
(Table 5). A history of a seizure was most frequent (25.8%)
in those with a GFR 510 ml/min per 1.73 m2. Similarly,
anticonvulsant treatment was utilized more frequently in
those with the worst renal function. The frequency of sei-
zure prior to enrollment did not vary by patient age. In each
age group, those with the lowest GFR were more likely to
have had a seizure. During each 6-month interval following
registration, seizures occurred in 1.2% ± 2.4% of children.
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Table 1. Primary renal disease by age

52 years 2±6 years 6±12 years 12±20 years

n % n % n % n %

All patients 287 100 343 100 600 100 495 100

Primary diagnosis
Obstructive uropathy 78 27.2 111 32.4 161 26.8 101 20.4
A/hypo/dys/plastic kidney 103 35.9 81 23.6 104 17.3 55 11.1
Reflux nephropathy 11 3.8 20 5.8 72 12.0 52 10.5
Other 34 11.8 33 9.6 71 11.8 62 12.5
FSGS 1 0.3 11 3.2 30 5.0 62 12.5
Polycystic kidney disease 11 3.8 26 7.6 26 4.3 10 2.0
Syndrome of agenesis 19 6.6 9 2.6 24 4.0 9 1.8
Cystinosis 6 1.7 18 3.0 2 0.4
Hemolytic uremic syndrome 4 1.4 12 3.5 13 2.2 10 2.0
Unknown 2 0.7 3 0.9 11 1.8 12 2.4
Medullary cystic disease 11 1.8 7 1.4
Systemic immunological disease 10 1.7 44 8.9
Pyelo/interstitial nephritis 1 0.3 3 0.9 10 1.7 14 2.8
Familial nephritis 9 1.5 14 2.8
Renal infarct 15 5.2 17 5.0 9 1.5 4 0.8
Chronic glomerulonephritis 1 0.3 2 0.6 6 1.0 9 1.8
MG type I 1 0.3 0.5 0.8 9 1.8
MG type II 4 0.7 4 0.8
Idiopathic crescentic GN 1 0.3 1 0.2 3 0.6
Wilms' tumor 3 0.9 1 0.2 2 0.4
Congenital nephrotic syndrome 6 2.1 3 0.9 1 0.2
Oxalosis 1 0.2
Sickle cell nephropathy 1 0.2 2 0.4
Membranous nephropathy 1 0.3 1 0.2 5 1.0
Drash syndrome 1 0.3
Diabetic glomerulopathy 3 0.6

FSGS, Focal segmental glomerulosclerosis; MG, membranoproliferative glomerulonephritis; GN, glomerulonephritis



Metabolic status

Information on laboratory values at the time of study en-
rollment revealed considerable variability. The mean values
were all within the normal ranges including: serum calcium
9.5+1.1 mg/dl (mean + SEM), inorganic phosphorus
5.1+1.2 mg/dl, alkaline phosphatase 265+154 IU/ml, CO2

22.4+4.0 mEq/l, and albumin 4.0+0.6 g/dl. However,
there was some variation among different age groups, with
the calcium ranging from 10.2+0.1 mg/dl in those
52 years to 9.2+0.1 mg/dl in those 13± 20 years. Simi-
larly the phosphorus varied from 5.7+0.1 mg/dl in those

52 years, in whom a higher level is normal, to
4.8+0.1 mg/dl in those 13± 20 years. The CO2 did not vary
among age groups. Data were collected on parathyroid
hormone (PTH) level based on the upper limit of the nor-
mal range for the assay utilized at the participating study
center. Levels greater than twice the upper limit of normal
were considered elevated. The PTH level was unknown in
half the patients for whom a response was given on the
enrollment form. Of those for whom the PTH was known
(842/1,671), 65% had values less than twice the upper
normal limit and 35% had levels more than twice the upper
normal limit. The frequency of elevated PTH levels varied
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Table 2. Primary renal diagnoses and percentage biopsy confirmation

Total patients Biopsy confirmation dataa

n % n No. with biopsy Percent with biopsy

All patients 1,725 100.0 1,675 413 24.7

Primary diagnosis
Obstructive uropathy 451 26.1 438 36 8.2
A/hypo/dys/plastic kidney 343 19.9 337 23 6.8
Other 200 11.6 192 49 25.5
Reflux nephropathy 155 9.0 148 13 8.8
FSGS 104 6.0 102 96 94.1
Polycystic kidney disease 73 4.2 72 21 29.2
Syndrome of agenesis 61 3.5 59 5 8.5
Systemic immunological disease 54 3.1 54 48 88.9
Renal infarct 45 2.6 43 2 4.7
Hemolytic uremic syndrome 39 2.3 38 9 23.7
Unknown 28 1.6 26 6 23.1
Pyelo/interstitial nephritis 28 1.6 26 13 50.0
Cystinosis 26 1.5 24 3 12.5
Familial nephritis 23 1.3 23 13 56.5
Chronic glomerulonephritis 18 1.0 18 14 77.8
Medullary cystic disease 18 1.0 17 9 52.9
MG type I 15 0.9 15 15 100.0
Congenital nephrotic syndrome 10 0.6 9 8 88.9
MG type II 8 0.5 8 8 100.0
Membranous nephropathy 7 0.4 7 7 100.0
Wilms' tumor 6 0.3 6 5 83.3
Idiopathic crescentic GN 5 0.3 5 4 80.0
Diabetic glomerulopathy 3 0.2 3 2 66.7
Sickle cell nephropathy 3 0.2 3 3 100.0
Drash syndrome 1 0.1 1 1 100.0
Oxalosis 1 0.1 1 0 0.0

a Biopsy confirmation data available on only 1,675 patients

Table 3. Baseline renal function, by age

Age at entry (years)

All patients 0±1 2±5 6±12 13±17 417 ±20

Calculated GFRa n % n % n % n % n % n %

Total 1,725 100.0 287 100.0 343 100.0 600 100.0 434 100.0 61 100.0

ALL
510 68 3.9 41 14.3 3 0.9 15 2.5 7 16 2 3.3
10±25 484 28.1 104 36.2 92 26.8 155 25.8 113 26.0 20 32.8
25±50 698 40.5 100 34.8 156 45.5 233 38.8 184 42.4 25 41.0
50±75 475 27.5 42 14.6 92 26.8 197 32.8 130 30.0 14 23.0

GFR, Glomerular filtration rate
a Schwartz calculated creatinine clearance (ml/min per 1.73 m2)



slightly with age as 28.6%, 26.7%, 35.8%, and 43.2% of
those 52, 2 ± 5, 6 ± 12, and 13 ±20 years of age, respec-
tively, had abnormal values. The frequency of PTH levels
more than twice the upper normal limit (in those with
known values) also varied with GFR (ml/min per 1.73 m2).
Elevated PTH levels were reported in 67.9% of those with
GFR 510, 57.1% of those with GFR 10± 25, 27.7% with
GFR 25± 50, and 9.1% of those with GFR 50 ±75 ml/min
per 1.73 m2.

In order to maintain metabolic balance, 45% of children
were receiving oral vitamin D compounds, 40% calcium
compounds, 1% aluminum hydroxide, and 41% alkali
treatment at baseline. The use of these agents varied
somewhat with patient age (Table 6). Calcitriol was used by
37% of children of all ages; however, it was used more
frequently in older children. Other vitamin D compounds
were used in 8% of children overall, with more frequent use

in those 56 years. Alkali therapy was required more fre-
quently in those 56 years (55%) than in those 6 ± 12 years
(41%) or 13± 20 years (24%). Supplemental enteral nutri-
tion was required by 11% of children overall; however,
26% of those 52 years and 22% of those 2 ± 5 years re-
quired supplements. The use of enteral supplementation
was most frequent in those with the worst renal function
(GFR 510 ml/min per 1.73 m2): 37% of those 52 years
and 67% of those 2 ± 5 years were receiving enteral sup-
plements. Overall, parenteral nutrition was used infre-
quently (1%); however, it was utilized in 6% of patients
with GFR 510 ml/min per 1.73 m2.

The mean blood pressure at baseline varied among age
groups (Table 7). The mean systolic blood pressure (+SD)
varied from 102+16 mmHg in those 52 years to
126+16 mmHg in those 13 ±20 years. The mean diastolic
blood pressure varied from 59+13 mmHg in those
52 years to 76+13 in those 13± 20 years. The frequency
of antihypertensive treatment also varied directly by age,
with its use required in 12%, 26%, 24%, and 54% of those
52, 2± 5, 6± 12, and 13± 20 years, respectively. Anti-
hypertensive treatment was required more frequently in
those with CRI as a result of polycystic kidney disease
(83%) or glomerulonephritis (71%), than in those with
structural renal disease (19%) (Table 8). There was not a
significant difference in the use of antihypertensive medi-
cations by age group within diagnostic categories. In fact, a
portion of the difference in use by age may be related to the
primary disease.

Anemia

The mean hematocrit for all children at registration was
33.3%+6.3% and did not vary among age groups. Overall,

331

Table 4. Schwartz calculated GFR (ml/min per 1.73 m2)

n Baseline 6 Months 12 Months

Mean SE Mean SE Mean SE

All patients 497 38.5 0.76 38.2 0.82 38.1 0.90

Age of entry (years)
0±1 90 29.4 1.72 34.0 1.83 37.7 2.27
2±5 110 40.4 1.62 39.8 1.84 40.5 1.98
6±12 172 40.6 1.28 39.2 1.36 38.0 1.49
13±17 116 39.6 1.45 37.6 1.62 35.3 1.69
18±20 8 55.4 4.03 54.0 6.60 48.0 8.22

Table 5. Frequency of seizuresa and treatment with anticonvulsant
agents as baseline, differences by age and renal function

Percentage of patients

History of seizure Anticonvulsant treatment

Patient age
52 years 9.1% 4%
2±5 years 7.9% 2%
6±12 years 9.5% 4%
13±20 years 9.1% 5%

GFRb

510 25.8% 15%
10±25 8.3% 4%
25±50 7.6% 4%
50±75 9.5% 3%

a Patients with a history of seizure prior to study enrollment
b Calculated using Schwartz formula (ml/min per 1.73 m2)

Table 6. Concomitant drug therapy: percentage of patients in each age group treated at baseline

52 years 2±5 years 6±12 years 13 ±20 years

Supplemental enteral nutrition 26% 22% 7% 1%
Calcitriol 18% 36% 43% 41%
Other vitamin D compounds 12% 16% 6% 3%
Calcium carbonate 26% 35% 38% 33%
Calcium acetate 1% 1% 3% 7%
Other calcium supplements 3% 4% 4% 2%
Aluminum hydroxide 0% 1% 1% 0%
Alkali therapy 55% 56% 41% 24%



30.9% of patients had a hematocrit 530% (Table 9). An
additional 13% had mild anemia with hematocrit values
31% ± 32.9%. The frequency of a baseline hematocrit
530% varied among age groups and was most common in
those 52 years (37.9%). The frequency of anemia varied,
not unexpectedly, with the GFR. Significant anemia (he-
matocrit 530%) was present in 62.9% of those with a
calculated GFR 510 ml/min per 1.73 m2 and 13.1% of
those with a GFR 50± 75 ml/min per 1.73 m2. In order to
treat the anemia, 26% of patients were receiving oral iron
supplementation and 12.8% were receiving Epoetin treat-
ment. The frequency of Epoetin treatment varied with renal
function with 44.1% of those with GFR 510 ml/min per
1.73 m2 receiving this treatment and only 1.1% of those

with GFR 50± 75 ml/min per 1.73 m2. Erythrocyte trans-
fusions had been required in 11% of patients prior to re-
gistration. Additional transfusions were given to 2.4% of
the patients during the 6 months following registration. The
overall frequency of Epoetin treatment was unchanged over
the period of follow-up, with its use in 14.7%, 15.0%, and
15.0% of those with data available at 6, 12, and 18 months,
respectively.

Growth

Data on height and weight at time of entry are available on
1,701 patients. No data are available on age at diagnosis of
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Table 7. Mean blood pressure and treatment at baseline

Patient age Systolic blood pressurea Diastolic blood pressureb Antihypertensive treatment

52 years 102+16 59+13 12%b

2±5 years 105+14 63+11 26%
6±12 years 113+16 68+13 34%
13±20 years 126+16 76+13 54%

a Mean + SD
b Percentage of patients in each age group receiving antihypertensive treatment

Table 8. Differences in the use of antihypertensive medications by primary renal disease

Primary renal disease No. of patients Antihypertensive treatment (% patients)

All patients 1,719 34%

Structural renal diseasesa 852 19%
Polycystic kidney disease 73 83%
Glomerulonephritisb 211 71%
Pyelonephritis/interstitial nephritis 183 40%
Renal infarct 44 23%
Hemolytic uremic syndrome 39 59%
Other 317 35%

a Includes renal dysplasia/aplasia/hypoplasia, obstructive uropathy, and syndrome of agenesis of abdominal musculature
b Includes FSGS, systemic immunological disease, chronic glomerulonephritis, membranoproliferative glomerulonephritis, membranous and
idiopathic crescentic glomerulonephritis

Table 9. Frequency of anemia and treatments for anemia: differences by age and renal function

Percentage of patients

Hematocrit Treatments

#30% 31%±32.9% 433% Oral iron Epoetin

All patients 30.9% 13.0% 56.1% 26% 12.8%

Patient age
52 years 37.9% 13.0% 47.0% 18% 21.3%
2±5 years 24.3% 15.0% 60.3% 36% 12.6%
6±12 years 31.4% 15.4% 55.2% 43% 10.7%
13±20 years 30.7% 9.5% 59.8% 41% 10.7%

GFRa

510 62.9% 11.3% 25.8% 44% 44.1%
10±25 48.1% 16.8% 35.1% 44% 26.7%
25±50 25.7% 13.3% 61.0% 36% 8.2%
50±75 13.1% 8.1% 78.7% 8% 1.1%

a Calculated using Schwartz formula (ml/min per 1.73 m2)



CRI or height and weight standard deviation scores (SDS)
at time of diagnosis of CRI. On average, patients were
1.5 SD below age- and sex-specific norms for height, and
0.6 SD below weight norms. Standardized height deficits
were greatest for younger patients, and nearly half of the
patients less than 5 years of age at entry had a height below
the 3rd percentile for age and sex (SDS #±1.88). Thirty-
five percent of patients 6 ±12 years old, 26.7% of those
13± 17 years old, and 18.6% of those 18± 20 years old fell
below the 3rd percentile for height. Female patients and
those with worse renal function at baseline tended to have
greater height deficits, although it is interesting to note that
many children fell below the 3rd percentile for height (SDS
#±1.88) despite a calculated GFR greater than 25 ml/min
per 1.73 m2. Although differences in the duration of CRI
among patients with the same degree of renal impairment at
entry may account for this finding, it should be noted that
even among patients 51 year of age at entry, there is not a
straightforward relationship between height SDS and GFR.
Baseline characteristics, including Tanner stage, CO2, and
PTH values, were not different in the groups of patients
whose height was above and below the 3rd percentile for
age (SDS 5±1.88).

Growth data were available on 497 patients at 1 year
post entry. Only 15 of 133 (11%) patients whose height was
53rd percentile (SDS 5±1.88) at entry, received recom-

binant growth hormone (rhGH) during the period of follow-
up. The baseline and follow-up SDS scores for these pa-
tients are detailed in Table 10. Table 11 details the age and
Tanner scores for patients with baseline height 53rd per-
centile (SDS 5±1.88). These data reveal similar ranges of
age and Tanner stage in patients who received rhGH
compared with those who did not, and thus do not support
the concept that the untreated patients were excluded be-
cause of advanced pubertal development.

Discussion

This report summarizes data on 1,725 children at 130 cen-
ters. This newest arm of the NAPRTCS database, the CRI
arm, will ultimately provide important information con-
cerning the course and natural progression of CRI in chil-
dren. Although data collection in this arm was only in-
itiated in 1994, sufficient information is already available
to provide insights into the etiology of CRI in children,
standard treatment of this disorder, and to define the an-
ticipated consequences of CRI. Some of the analyses may
be limited by selection of patients who are enrolled in the
study. The data that a patient begins chronic dialysis
treatment or receives a renal transplant can be clearly de-
lineated. The selection of patients for enrollment in the CRI
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Table 10. Height (SDS) during 1st year of chronic renal insufficiency follow-up in patients with baseline height 53rd percentile (SDS 5±1.88)

Baseline SDS 12-Month SDS Delta SDS

rhGH Therapya (n = 15) ±3.00+0.16 ±2.56+0.17 0.44+0.13
Controlb (n = 133) ±3.08+0.10 ±2.84+0.11 0.25+0.08

rhGH, Recombinant human growth hormone
a Patients were receiving rhGH therapy at baseline, 6 months, and 12 months
b Patients were not receiving rhGH at baseline, 6 months, or 12 months

Table 11. Characteristics at baseline and 12 months in patients with baseline height 53rd percentile (SDS 5±1.88)

Baseline CRI visit 12 Month CRI visit

rhGH Therapya Controlb rhGH Therapya Controlb

n % n % n % n %

All patients 15 100.00 133 100.00 15 100.0 133 100.00

Age group (years)
0±1 1 6.7 37 27.8 ± ± 26 19.5
2±5 3 20.0 36 27.1 2 13.3 36 27.1
6±12 5 33.3 40 30.1 7 46.7 45 33.8
13±17 6 40.0 20 15.0 6 40.0 23 17.3
417 ± ± ± ± ± ± 3 2.3

Tanner stage
I 13 86.7 106 75.7 11 73.3 103 77.4
II 1 6.7 9 6.8 1 6.7 7 5.3
III 1 6.7 7 5.3 1 6.7 9 6.8
IV ± ± 1 0.8 1 6.7 1 0.8
V ± ± 4 3.0 ± ± 6 4.5

Missing ± ± 6 4.5 1 6.7 7 5.3

a Patients were receiving rhGH therapy at baseline, 6 months, and 12 months
b Patients were not receiving rhGH at baseline, 6 months, or 12 months



arm of NAPRTCS may be influenced by referral patterns to
pediatric nephrologists, the impact of the organization of
clinical programs on identification of eligible patients, and
the ease of recognition of children with estimated GFR
575 ml/min per 1.73 m2. Selection of patients for enroll-
ment will influence assessments of the frequency of treat-
ment with nutritional supplementation, GH, and Epoetin.
Patient characteristics are described at study enrollment,
not at presentation to the participating centers. It is possible
that this will change as the database matures. Interestingly,
the distribution of diagnoses varies slightly from that of the
transplantation arm of NAPRTCS, where obstructive uro-
pathy was less frequent (16.5%) and focal glomerulo-
sclerosis more frequent (11.6%) [5]. This may reflect pa-
tient selection practices or the use of a GFR 575 ml/min
per 1.73 m2 as an enrollment criteria, with 68% of patients
having a GFR of at least 25 ml/min per 1.73 m2.

Overall 41% of children had undergone urological sur-
gery prior to enrollment. This fact stresses the importance
of close working relationships between pediatric urologists
and pediatric nephrologists in the care of children with
CRI. Such relationships may aide in the early establishment
of optimum metabolic control. Prior to enrollment, 9% of
children had had a seizure. The etiology of the seizures in
this CRI population is unclear, but warrants further evalu-
ation. There is no information in the registry about the
presence of hypertension, electrolyte disorders, or in-
fectious processes at the time of the seizures. However,
seizures prior to enrollment were more common in those
with the lowest GFR, who would be more likely to have
electrolyte abnormalities. Of interest, dialysis-associated
seizures have been described in 7% of children and ado-
lescents receiving dialysis [6]. The frequency of hemodia-
lysis-associated seizures was greatest (29%) in those with a
history of seizure prior to the initiation of dialysis. Anti-
hypertensive medications were frequently required in
children with CRI. Not unexpectedly the need for these
medications was greatest in adolescents and in those with
polycystic kidney disease or glomerulonephritis.

Anemia is a frequent consequence of renal failure due to
both erythropoietin and iron deficiency. In previous as-
sessment of anemia in children with CRI, there has been
considerable interpatient variability; however, anemia has
been noted in most children with a GFR 520± 35 ml/min
per 1.73 m2 [7]. As reported in this registry, anemia (he-
matocrit 533%) was present in 74% of those with a GFR
510 ml/min per 1.73 m2, despite the use of Epoetin in 44%
of these children. This may reflect recent initiation of the
Epoetin treatment. Sixty-five percent of those with a GFR
10± 25 ml/min per 1.73 m2 were anemic. In fact only 61%
of those with a GFR 25 ± 50 ml/min per 1.73 m2 had a
hematocrit level $33%. A level of 33% was chosen to
indicate anemia as that level is at least 2 SD below the
mean for all children older than 6 months. A greater pro-
portion of those less than 2 years of age had a hematocrit
level 530%. This may be in part due to the expected
physiological nadir in hematocrit in those 56 months;
however, fewer children in this age group were receiving
iron supplementation (18%). It is likely that the frequency
of treatment with iron and Epoetin will increase with on-
going treatment of CRI at the participating centers, al-

though this trend has not yet been documented. Of interest,
75% of all children on dialysis are receiving iron supple-
mentation and 490% are receiving Epoetin afte 12 months
on dialysis [5].

The mean height SDS was ±1.5 at study enrollment with
a significant proportion of children having heights below
the 3rd percentile. Preliminary growth data confirm the
clinical suspicion that growth retardation is not solely based
on level of renal dysfunction. Further study is warranted to
elucidate other factors (i. e., age of onset of renal in-
sufficiency, underlying renal diagnosis, etc.) that signifi-
cantly impact growth in this patient population. Although
published data suggest that children with pre-terminal renal
failure may significantly benefit from treatment with rhGH
[8 ± 10], the current database reveals that only a small
percentage of patients with a height 53rd percentile for
age received rhGH. The presence of factors that may have
influenced use of this medication (i. e., presence of other
growth-limiting medication or condition, previous malig-
nancy, severe bone disorder, anticipated transplant, family
preference) are not readily available in the present database
and deserves further study. Intervention during treatment
for CRI is necessary as the height deficit is greater in
children in the NAPRTCS registry at the time of trans-
plantation (mean SDS ±2.16) [5].

Although still in its infancy, the CRI arm of the
NAPRTCS database is providing important insights into
this disorder. Over the next decade, we can expect to in-
crease our knowledge of CRI in pediatric patients, and add
important information to the existing body of literature on
this topic [11, 12].
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Are short normal children at a disadvantage?
The Wessex growth study

A. Bruce Downie, Jean Mulligan, Robert J. Stratford, Peter R. Betts, and Linda D. Voss

Objective. To examine whether short stature through childhood re-
presents a disadvantage at around 12 years.
Design. Longitudinal non-intervention study of the physical and psy-
chological development of children recruited from the community in
1986 ±7 after entry into primary school at age 5±6 years; this is the
second psychometric assessment made in 1994±5 after entry into sec-
ondary school at age 11±13 years.
Setting. Southampton and Winchester health districts.
Subjects. 106 short normal children (53rd centile for height when
recruited) and 119 controls of average stature (10th±90th centile).
Main outcome measures. Psychometric measures of cognitive devel-
opment, self concept development, behaviour, and locus of control.
Results. The short children did not differ significantly from the control
children on measures of self esteem (19.4 v 20.2), self perception (104.2
v 102.4), parents'' perception (46.9 v 47.0), or behaviour (6.8 v 5.3).

The short children achieved significantly lower scores on measures of
intelligence quotient (IQ) (102.6 v 108.6; P 50.005), reading attain-
ment (44.3 v 47.9; P 50.002), and basic number skills (40.2 v 43.5;
P 50.003) and displayed less internalisation of control (16.6 v 14.3;
P 50.001) and less satisfaction with their height (P 50.0001). More
short than control children, however, came from working class homes
(P 50.05). Social class was a better predictor than height of all mea-
sures except that of body satisfaction. Attainment scores were predicted
by class and IQ together rather than by height. Height accounted for
some of the variance in IQ and locus of control scores.
Conclusions. These results provide only limited support for the hy-
pothesis that short children are disadvantaged, at least up until
11 - 13 years old. Social class seems to have more influence than height
on children's psychological development.


