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Prevalence of anemia in erythropoietin-treated pediatric
as compared to adult chronic dialysis patients
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Prevalence of anemia in erythropoietin-treated pediatric as
compared to adult chronic dialysis patients.

Background. Recent guidelines recommend a target
hemoglobin range of 11 to 12 g/dL in pediatric and adult dialy-
sis patients. We compared anemia prevalence in United States
Medicare pediatric and adult dialysis patients.

Methods. Prevalent hemodialysis patients (0 to 19 years, pe-
diatric: N = 1692; adult: N = 352,291) and peritoneal dialysis
patients (pediatric: N = 597; adult: N = 39,136) treated with re-
combinant human erythropoietin (rHuEPO) from 1996 to 2000
were selected. Mean annual hemoglobin values were calculated
by modality, age, sex, and race.

Results. Among hemodialysis patients, mean annual
hemoglobin values less than 11 g/dL were present in pediatric
and adult patients during 54.1% versus 39.8% patient years, re-
spectively (P < 0.0001); for peritoneal dialysis patients, 69.5%
versus 55.1% (P < 0.0001). Mean hemoglobin values increased
over time and were 11.2, 11.5, 10.8, and 11.2 g/dL for pedi-
atric and adult hemodialysis and peritoneal dialysis patients,
respectively, in 2000. Pediatric hemodialysis patients received
intravenous iron less frequently than adults (66.3% vs. 82.5%
patient years; P < 0.0001).

Conclusion. Hemoglobin values in rHuEPO-treated pedi-
atric dialysis patients lagged behind those of adult patients, with
pediatric patients achieving target hemoglobin values only a mi-
nority of the time (45.9% and 30.5% patient years, respectively,
for hemodialysis and peritoneal dialysis). Trends show recent
improvement in anemia treatment of children on dialysis. Still,
further attention to and analysis of rHuEPO and iron therapy
in pediatric dialysis patients is warranted.

Anemia is a major consequence of chronic kidney dis-
ease. When severe, it is associated with cardiovascular
dysfunction, cardiomyopathy, and death [1–4]. As we re-
cently reported, cardiomyopathy incidence is increasing
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in pediatric chronic dialysis patients in the United States
[5]. These findings led us to our current study of anemia
in children receiving dialysis.

The major cause of anemia in patients with chronic
kidney disease and end-stage renal disease (ESRD)
is erythropoietin deficiency resulting from decreased
production of the kidneys [6, 7]. In 1989, recombinant
human erythropoietin (rHuEPO) became available in
the United States for the treatment of anemia due to
ESRD [8]. Correction of anemia in children with ESRD
improves cardiac dysfunction and exercise tolerance and
reduces left ventricular hypertrophy [9–11]. In 1997, the
National Kidney Foundation recommended a
hemoglobin range of 11 to 12 g/dL (hematocrit, 33% to
36%) for chronic dialysis patients [12]. The updated
guidelines include similar recommendations and some
discussion of treatment to higher hemoglobin values,
provided that evidence is published showing that such
treatment further reduces the potential for cardiac
complications [13].

Detailed data are not available on the frequency and
extent to which anemia is present over time in pediatric
dialysis patients. Therefore, we investigated hemoglobin
values in these patients, and in adult Medicare dialysis
patients receiving rHuEPO to determine the prevalence
of anemia.

METHODS

Data and sources

Using data from the United States Renal Data Sys-
tem, we studied the 1996 to 2000 period prevalent Medi-
care hemodialysis and peritoneal dialysis patients. The
period prevalent cohort for each year included both point
prevalent patients (who received ESRD treatment on
January 1 of the year and whose first ESRD service date
was ≥90 days before January 1), and incident patients
(who reached day 91 of ESRD between January 1 and
December 31 of the year). The follow-up period was de-
fined as the time from the start of follow-up until the
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earliest of the following: date of death, modality change,
loss to follow-up, or December 31 of the year. Demo-
graphic data, including age, sex, race, and primary cause
of ESRD, were obtained from the Identification and Med-
ical Evidence sections of the Renal Beneficiary Utiliza-
tion System of the Centers for Medicare and Medicaid
Services. Patients with Medicare as a secondary payer,
or coverage from a health maintenance organization,
were excluded because data on rHuEPO use, hemoglobin
values, or intravenous iron use were incomplete.

Data on patient hematocrit values, rHuEPO dose, and
administration of intravenous iron were obtained from
institutional outpatient Medicare claims from January 1,
1996, to December 31, 2000. Included patients had at least
one rHuEPO claim during the follow-up period. For each
patient, the mean annual hematocrit value was calculated
from all rHuEPO claims during each year of follow-up.
Hemoglobin values were then calculated by dividing the
mean hematocrit value by three. Claims occurring dur-
ing the follow-up period also yielded data on the use of
intravenous iron, including iron dextran and ferric glu-
conate, which became available for use in 2000. However,
the use of ferric gluconate in 2000 may be underreported
because a national claims code for this product was not
available until 2001. Patients were defined as treated with
intravenous iron if they had received at least one admin-
istration of intravenous iron during each follow-up year.

Data analysis

By treatment modality (hemodialysis, peritoneal dial-
ysis), characteristics of 1996 to 2000 combined prevalent
patients were analyzed by year, age (on January 1 of the
year), sex, race, primary cause of ESRD, and hemoglobin
value. Patients who appeared in multiple years were
counted only once in the characteristic totals. The ex-
ceptions were totals by year and by modality, where one
patient may contribute to multiple years or modalities
(e.g., a 1998 and 1999 peritoneal dialysis patient who
became a 2000 hemodialysis patient).

Using 1996 to 2000 combined patients, the proportion
of time that patients had a hemoglobin value of ≥11 g/dL
was assessed by modality and age. To account for patients
appearing in multiple years, a patient-year method was
used. The follow-up time (≤1 year) was computed annu-
ally for each patient. Total patient years were then calcu-
lated as the total number of years (or fraction of a year)
of follow-up time for each modality and age group. Each
year, patients were classified as to whether or not they
attained a mean hemoglobin value of ≥11 g/dL. For each
modality and age, the total percentage of patient years
with a mean hemoglobin value of ≥11 g/dL was com-
puted. Values for pediatric (younger than age 20 years)
and adult patients (20 years old or older) within each
modality were compared with a test based on assumption

of a Poisson distribution. Methods were repeated to com-
pute and compare the percentage of patient years with in-
travenous iron. For patients with and without intravenous
iron, the distribution of patient years with a hemoglobin
value of ≥11 g/dL also was computed and comparisons
by treatment modality were made. In addition, the per-
centage of patient years with a mean hemoglobin value of
≥11 g/dL was computed for adult subgroups (20–44, 45–
64, and ≥65 years). Because pediatric patients may have
greater similarity to younger adults, values for pediatric
patients were compared to those of adults in the 20- to
44-year-old age group.

Trends in mean hemoglobin values were also identified
by age and year. For each year and treatment modality,
Bonferroni t tests were used to compare the pediatric
patients with adults. For 2000, mean hemoglobin values
were also calculated for the 20- to 44-, 45- to 64-, and
≥65-year-old adult groups, and pediatric and 20- to
44-year-old adult patients were compared using a t test.

For the year 2000, trends in mean hemoglobin values
were also identified by age and sex. Within each modality,
the mean hemoglobin value was computed for each sex
and age group. Within each sex, Bonferroni t tests were
used to compare pediatric patients with adults. Methods
were repeated to compare whites with blacks (for other
races, the sample size was insufficient).

Within the period prevalent hemodialysis and peri-
toneal dialysis cohorts, the subset of incident patients
was analyzed. These patients were evaluated separately
using data from the Medical Evidence Report (Cen-
ters for Medicare & Medicaid Services Form 2728)
completed at initiation of dialysis. These data included
hematocrit value, body weight, and if the patient had re-
ceived rHuEPO before initiation of dialysis. We calcu-
lated the mean hemoglobin value at initiation of dialysis
for pediatric and adult patients (1996 to 2000) who did
and did not receive rHuEPO after initiation of dialysis
during the incident year of ESRD. Also, among unique
patients included in the 1996 to 2000 cohorts, we com-
pared the percentages of pediatric and adult patients who
were incident during the 5-year study period.

In 1996 to 2000 hemodialysis and peritoneal dialysis pa-
tients, the use of rHuEPO before initiation of dialysis was
evaluated in the subset of incident patients with complete
Medical Evidence Report data. The percentages of pedi-
atric and adult patients who received predialysis rHuEPO
were compared. The weekly rHuEPO dose per kg of body
weight (rHuEPO/kg) was also evaluated for the subset of
incident patients with a valid body weight measurement
(1 to 175 kg) recorded on the Medical Evidence Report
at initiation of dialysis. For each patient, rHuEPO dose
per week was calculated as the total units of rHuEPO
received during the follow-up time divided by the total
outpatient weeks. Because outpatient rHuEPO claims
are not generated during hospitalizations, outpatient
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Table 1. Percentages of 1996 to 2000 period-prevalent
rHuEPO-treated hemodialysis and peritoneal dialysis patients by sex,

race, and primary cause of ESRDa

Hemodialysis Peritoneal dialysis

Age years 0–19 ≥20 0–19 ≥20

Sex
Male 54.3 51.6 48.1 50.9
Female 45.7 48.4 51.9 49.1

Race
White 49.3 56.9 62.3 66.7
Black 40.8 37.0 25.6 26.7
Native American 2.2 1.7 2.0 1.7
Asian 4.0 3.1 5.0 3.7
Other 3.7 1.2 5.0 1.3

Primary cause of ESRD
Diabetes 1.3 40.4 – 36.0
Hypertension 6.0 29.1 3.5 24.4
Glomerulonephritis 34.9 10.7 38.0 17.4
Cystic kidney disease 2.1 2.4 4.7 3.4
Other urologic 5.6 1.9 6.0 1.7
Hemolytic uremic syndrome 1.8 0.1 2.5 0.2
Chronic interstitial nephritis 1.8 1.6 1.8 2.2
Lupus erythematosus 6.8 1.2 3.9 2.4
Renal hypoplasia, 7.9 0.1 10.7 0.3

dysplasia, oligonephronia
Congenital obstructive 7.3 0.3 5.7 0.3

uropathy
Hereditary nephritis, 2.1 0.1 – 0.4

Alport’s syndrome
Other/unknown/missing 22.3 12.1 21.1 11.4

Abbreviations are: rHuEPO, recombinant human erythropoietin; ESRD,
end-stage renal disease.

aValues represent percentages of 0- to 19- and ≥20-year-old hemodialysis
patients (N = 1692 and N = 352,291) and peritoneal dialysis patients (N = 597
and N = 39,136).

– Values for cells with fewer than 10 patients are suppressed.

weeks were computed as the total weeks of follow-
up, excluding hospital days, which were obtained from
Medicare institutional inpatient claims data. Weekly
rHuEPO/kg was then computed as rHuEPO dose per
week divided by body weight in kg. For hemodialysis and
peritoneal dialysis patients, mean weekly rHuEPO/kg
was calculated and compared between pediatric and adult
patients. Patient percentages were compared with the
Pearson chi-square test, hemoglobin values were com-
pared with the t test, and weekly rHuEPO/kg was com-
pared with the Wilcoxon rank-sum test.

RESULTS

Patient distributions

For the years 1996 to 2000 combined, 353,983 period-
prevalent hemodialysis and 39,733 peritoneal dialysis pa-
tients were rHuEPO-treated and included in the study
(Tables 1 and 2). Of these, 1692 (0.5%) and 597 (1.5%)
were pediatric hemodialysis and peritoneal dialysis pa-
tients, respectively. For the year 2000, among pedi-
atric patients, the included rHuEPO-treated patients
represented 89.5% and 36.2% of all period-prevalent
pediatric hemodialysis and peritoneal dialysis patients,
respectively; among adults, 94.1% and 57.6%.

The by-age distribution of patient years with a
hemoglobin value of ≥11 g/dL varied by modality (Fig. 1).
For hemodialysis patients, the percentage of patient years
with a hemoglobin value of ≥11 g/dL was lowest for pa-
tients aged 0 to 4 years and increased with age. However,
for peritoneal dialysis patients, the percentage had a U-
shaped appearance, decreasing from ages 0 to 4 years to
15 to 19 years, and then increasing in adults. Overall, for
pediatric and adult hemodialysis patients, the percent-
ages of patient years with a hemoglobin value of ≥11 g/
dL were 45.9% and 60.2%, respectively (P < 0.0001);
for peritoneal dialysis patients, 30.5% and 44.9% (P <

0.0001). For 1996 to 2000 patients combined, the percent-
age of patient years with a hemoglobin value of ≥11 g/dL
was lowest for pediatric patients, and increased with in-
creasing age in the adult groups. Respectively, for 20- to
44-, 45- to 64-, and ≥65-year-old adults, the percentages of
patient years with a hemoglobin value of ≥11 g/dL were
55.3%, 59.3%, and 62.5% for hemodialysis patients, and
34.7%, 44.0%, and 54.0% for peritoneal dialysis patients.
Percentages were significantly lower for pediatric pa-
tients than for 20- to 44-year-old adults among hemodial-
ysis (P < 0.0001) and among peritoneal dialysis patients
(P = 0.038).

The percentage of patient years with intravenous iron
was low, especially for younger patients and peritoneal
dialysis patients, and generally increased with age (Fig. 2).
Among pediatric and adult hemodialysis patients, intra-
venous iron was administered in 66.3% and 82.5% of
the patient years, respectively (P < 0.0001); among peri-
toneal dialysis patients, 14.7% and 20.3% (P = 0.001).
Also, for patients with and without intravenous iron, the
distribution of patient years with a hemoglobin value
of ≥11 g/dL varied by modality. Among adult patients
with and without intravenous iron, respectively, the per-
centages of patient years with a hemoglobin value of
≥11 g/dL were 61.5% and 54.0% among hemodialysis
patients (P < 0.0001), and 39.7% and 46.3% among
peritoneal dialysis patients (P < 0.0001). Among pedi-
atric patients, for those with and without intravenous
iron, respectively, the percentages of patient years with
a hemoglobin value of ≥11 g/dL were 49.1% and
39.6% among hemodialysis patients (P = 0.31), and
21.1% and 32.1% among peritoneal dialysis patients
(P = 0.03).

Trends in mean hemoglobin value by modality,
year, and age

Within each modality and year, the mean hemoglobin
value for pediatric patients was significantly lower than
that for adults (Fig. 3). However, hemoglobin values im-
proved in pediatric hemodialysis patients from 1996 to
2000 and in pediatric peritoneal dialysis patients after
1998.
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Table 2. Distributions of 1996 to 2000 period-prevalent rHuEPO-treated hemodialysis and peritoneal dialysis patients by hemoglobin, age, and
yeara

Hemodialysis Peritoneal dialysis

0–19 ≥20 0–19 ≥20

Age years N %N N %N N %N N %N

Hemoglobin g/dL
<9 99 5.9 9,695 2.8 106 17.8 2,786 7.1
9–9.9 209 12.4 27,587 7.8 124 20.8 6,042 15.4
10–10.9 541 32.0 107,270 30.4 205 34.3 13,920 35.6
11–11.9 657 38.8 164,502 46.7 113 18.9 12,265 31.3
≥12 186 11.0 43,237 12.3 49 8.2 4,123 10.5

Age years
0–4 56 3.3 – – 65 10.9 – –
5–9 95 5.6 – – 53 8.9 – –
10–14 281 16.6 – – 142 23.8 – –
15–19 1,260 74.5 – – 337 56.4 – –
20–44 – – 53,005 15.0 – – 10,090 25.8
45–64 – – 114,210 32.4 – – 14,736 37.7
≥65 – – 185,076 52.5 – – 14,310 36.6

Yearb

1996 570 33.7 146,190 41.5 224 37.5 15,715 40.2
1997 587 34.7 160,869 45.7 202 33.8 15,573 39.8
1998 615 36.3 171,058 48.6 177 29.6 13,232 33.8
1999 603 35.6 181,575 51.5 137 22.9 12,098 30.9
2000 599 35.4 190,467 54.1 134 22.4 11,149 28.5

rHuEPO is recombinant human erythropoietin.
aValues represent the number and percentage of 0- to 19- and ≥20-year-old hemodialysis patients (N = 1692 and N=352,291) and peritoneal dialysis patients (N =

597 and N = 39,136).
bPercentages across years sum to >100 because some patients appear in multiple years.
– Values for cells with fewer than 10 patients are suppressed.
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Fig. 1. Percentage of patient years with a hemoglobin (Hb) value
of ≥11 g/dL by modality and age, 1996 to 2000 (combined) period-
prevalent hemodialysis and peritoneal dialysis patients treated with re-
combinant human erythropoietin (rHuEPO). Each patient may con-
tribute <1 to 5 total patient years to a maximum of two age groups.

Hemoglobin values also increased with increasing age
among the adults. In 2000, the mean hemoglobin val-
ues for 0- to 19-, 20- to 44-, 45- to 64-, and ≥65-year-old
prevalent patients were 11.16, 11.42, 11.47, and 11.51 g/
dL for hemodialysis patients, and 10.76, 10.79, 11.13,
and 11.43 g/dL for peritoneal dialysis patients, respec-
tively. Although the mean hemoglobin value in 2000
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Fig. 2. Percentage of patient years with intravenous (IV) iron by
modality and age, 1996 to 2000 (combined) period-prevalent hemodial-
ysis and peritoneal dialysis patients treated with recombinant human
erythropoietin (rHuEPO). Each patient may contribute <1 to 5 total
patient years to a maximum of two age groups.

was lower among pediatric patients than among 20- to
44-year-old adult hemodialysis patients (P < 0.0001),
the difference between pediatric and 20- to 44-year-old
adult peritoneal dialysis patients was not significant (P =
0.81). Among adult hemodialysis and peritoneal dial-
ysis patients in 2000, the mean hemoglobin value was
significantly lower in 20- to 44-year-olds than in 45- to
64-year-olds, and in 45- to 64-year-olds than in ≥65-year-
olds (P < 0.0001).
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Fig. 3. Mean hemoglobin (Hb) value by
modality, year, and age, 1996 to 2000 period-
prevalent hemodialysis and peritoneal dialysis
patients treated with recombinant human ery-
thropoietin (rHuEPO). ∗P < 0.0001 in com-
parison with that year’s group aged ≥20 years;
†P = 0.0001 to <0.005 in comparison with that
year’s group aged ≥20 years. With use of the
Bonferroni t test, a P value of <0.005 was re-
quired for significance to maintain an overall
P value of 0.05.
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Fig. 4. Mean hemoglobin (Hb) value by
modality, sex, race, and age, 2000 period-
prevalent hemodialysis and peritoneal dialysis
patients treated with recombinant human ery-
thropoietin (rHuEPO). ∗P < 0.0001 in com-
parison with that sex’s or race’s group aged
≥20 years; †P = 0.0061 in comparison with fe-
males aged ≥20 years. With use of the Bonfer-
roni t test, a P value of <0.0063 was required
for significance to maintain an overall P value
of 0.05. “N” provides the number of patients
aged 0 to 19 and ≥20 years, respectively, in
each group.

Trends in mean hemoglobin value by age and
sex and by age and race

Among hemodialysis patients in 2000, pediatric pa-
tients had a significantly lower mean hemoglobin value
than that of same-sex and same-race adults (P < 0.0001)
(Fig. 4). Among peritoneal dialysis patients grouped by
sex and race, the trend of lower hemoglobin among pe-
diatric patients than adults appeared consistent; how-
ever, only the pediatric females had a significantly lower
hemoglobin value than that of female adults (P = 0.0061).
Among pediatric hemodialysis and peritoneal dialysis pa-
tients, respectively, mean hemoglobin values were 0.1
and 0.2 g/dL lower in females than in males, and 0.1
and 0.3 g/dL lower in black than in white patients. Mean
hemoglobin values were lowest in female pediatric peri-
toneal dialysis patients (10.7 g/dL) and in black pediatric
peritoneal dialysis patients (10.6 g/dL). The sex and racial
differences were not statistically significant (results not
shown).

Distributions in the subset of incident patients

In incident Medicare dialysis patients (1996 to 2000
combined) with and without rHuEPO during the inci-
dent year of ESRD, respectively, the mean hemoglobin
values at initiation of dialysis were as follows: for pedi-
atric hemodialysis patients, 8.7 and 8.3 g/dL (N = 421
and N = 78; P = 0.10); for adult hemodialysis patients,
9.5 and 9.7 g/dL (N = 146,948 and N = 24,621; P <

0.0001); for pediatric peritoneal dialysis patients, 8.4 and
9.0 g/dL (N = 135 and N = 270; P = 0.007); and for adult
peritoneal dialysis patients, 9.7 and 10.1 g/dL (N = 9352
and N = 9547; P < 0.0001). Among included rHuEPO-
treated patients (1996 to 2000 combined), the percentage
of patients who were incident sometime during the 5-year
study period was smaller for pediatric than for adult
hemodialysis patients (28.7% vs. 45.1%; P < 0.0001); per-
centages were similar for pediatric and adult peritoneal
dialysis patients who were incident (25.8% vs. 25.7%;
P = 0.94).
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We evaluated rHuEPO use before initiation of dialysis
in the subset of incident patients (1996 to 2000 combined)
with complete Medical Evidence Report data (N = 451
pediatric and N = 156,793 adult hemodialysis patients;
N = 147 pediatric and N = 9901 adult peritoneal dialysis
patients). For pediatric and adult patients, respectively,
predialysis rHuEPO was received in 24.6% and 24.9% of
hemodialysis patients (P = 0.88) and 27.9% and 35.0% of
peritoneal dialysis patients (P = 0.07). Also, we computed
the weekly rHuEPO/kg body weight during the incident
year of dialysis for the subset of incident patients with a
valid body weight measurement recorded on the Medi-
cal Evidence Report (N = 442 pediatric and N = 154,739
adult hemodialysis patients; N = 123 pediatric and N =
8837 adult peritoneal dialysis patients). For pediatric and
adult patients, respectively, the mean weekly rHuEPO/kg
body weight was 208 and 181 U/kg for hemodialysis pa-
tients (P = 0.009), and 121 and 77 U/kg for peritoneal
dialysis patients (P < 0.0001).

DISCUSSION

Our data show that a target hemoglobin value of ≥11 g/
dL was achieved a low percentage of the time among
Medicare pediatric patients receiving rHuEPO treatment
while on chronic dialysis. Among pediatric hemodialy-
sis patients, 0- to 4-year-old patients attained a target
hemoglobin value the lowest percentage of time, followed
by 5- to 9-year-olds. Among pediatric peritoneal dialysis
patients, 10- to 14-year-old and 15- to 19-year-old patients
achieved a target hemoglobin value the lowest percent-
age of time. Among pediatric patients within each modal-
ity, slightly lower mean hemoglobin values were found
among blacks than whites, and among females than males.

All patients in our study received rHuEPO after ini-
tiation of dialysis, which has been shown to correct
anemia in pediatric dialysis patients [10, 11, 14–16]. How-
ever, the target hemoglobin value was achieved in pedi-
atric hemodialysis patients in only 46% of patient years,
compared with 55% of patient years in young adults
and 60% of patient years in adults overall. The North
American Pediatric Renal Transplant Cooperative Study
(NAPRTCS) has reported findings very similar to ours.
The 2001 NAPRTCS annual report showed that 63% of
1855 pediatric chronic dialysis patients who were receiv-
ing rHuEPO at 6 months of dialysis had hematocrit values
of ≤33% (≤11 g/dL) [17]. This report, however, did not
include hemoglobin data, hematocrit data by type of dial-
ysis, or data on children under the age of 6 years who were
treated with hemodialysis and were receiving rHuEPO.
We did observe improvement in mean hemoglobin val-
ues between 1996 and 2000 for pediatric hemodialysis
patients and adult hemodialysis and peritoneal dialysis
patients. Pediatric peritoneal dialysis patients showed im-
provement between the years 1998 and 2000. However,

mean hemoglobin values in children lagged behind those
in adults at all time periods during the study. NAPRTCS
found that mean hematocrit values at 6 months of dialy-
sis improved with time, increasing from 31.2% in patients
who initiated dialysis between 1992 and 1996 to 32.3%
in patients who initiated dialysis between 1997 and 2000
(P < 0.001) [17]. Both our study and the NAPTRCS
report show that a significant percentage of pediatric
patients are below the National Kidney Foundation
Dialysis Outcomes Quality Initiative (K/DOQI) target
hemoglobin value of 11 g/dL.

The recommended starting dosage of rHuEPO is 50
to 150 U/kg, given three times weekly. We could not
determine the dosage given based on body weight for
the prevalent dialysis patients in this study because body
weight data were available only at initiation of dialysis.
However, in the small subset of incident patients with
a valid body weight measurement at initiation of dial-
ysis, we showed that pediatric hemodialysis and peri-
toneal dialysis patients received mean weekly rHuEPO
doses of 208 and 121 U/kg, respectively, and that these
doses were significantly higher than those received by
adults. Although the NAPRTCS report did not include
rHuEPO/kg, these results are consistent with the re-
sults of smaller pediatric studies showing higher rHuEPO
dose requirements in pediatric patients of small body
weight [14, 16, 18–21]. In the subset of incident patients
with an indication on the Medical Evidence Report of
rHuEPO use before dialysis, the percentages of patients
treated with rHuEPO were similar for pediatric and adult
hemodialysis patients, and were slightly, but not signifi-
cantly, lower in pediatric than in adult peritoneal dialysis
patients. In our study, lower rHuEPO use before dialy-
sis did not appear to be a major contributing factor to
lower hemoglobin values in pediatric hemodialysis pa-
tients. However, these results are limited due to the small
subset of incident patients with available data.

Fewer pediatric than adult patients were treated with
rHuEPO after initiation of dialysis. Our subset analysis of
incident patients showed higher mean hemoglobin values
at initiation of dialysis in pediatric and adult peritoneal
dialysis patients and adult hemodialysis patients who did
not receive rHuEPO during the incident year of ESRD.
Still, the mean hemoglobin values for the untreated group
were below the target value in the K/DOQI guidelines,
suggesting less than optimal management.

The lowest hemoglobin values were observed in young
peritoneal dialysis patients. Studies of pediatric dialysis
patients have suggested that patient age, size, and dial-
ysis type are factors in the response to rHuEPO[14, 18–
21]. A study of 116 pediatric hemodialysis patients found
that children weighing less than 30 kg required twice
the dose of rHuEPO (225 U/kg per week vs. 107 U/
kg per week) as those weighing more than 30 kg to
reach a hemoglobin value of 9.6 g/dL[ 14]. Two studies
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of pediatric patients (one of 23 hemodialysis and 30 peri-
toneal dialysis patients; the other of 9 hemodialysis and
10 peritoneal dialysis patients) found that rHuEPO re-
quirements were nearly three times higher in hemodialy-
sis than in peritoneal dialysis patients [19, 20]. Our finding
of lower hemoglobin values in pediatric peritoneal dial-
ysis patients compared to hemodialysis patients could be
related to a possible selection bias due to inclusion of
only rHuEPO-treated patients. A smaller percentage of
peritoneal dialysis (36.2%) versus hemodialysis (89.5%)
patients were rHuEPO-treated and included in the study.

Our finding of lower hemoglobin values in pediatric pa-
tients could not be attributed to a greater percentage of
incident pediatric patients than adult patients in each cal-
endar year. The period-prevalent cohort analysis showed
that a smaller percentage of the pediatric hemodialy-
sis patients than adult patients were incident sometime
during the 5-year study period. Among peritoneal dial-
ysis patients, similar percentages of pediatric and adult
patients were incident.

Sex and racial differences in rHuEPO responsiveness
have been reported in adults [22–24]. In a study of
309 adult hemodialysis patients (165 women, 144 men),
women required a 39% higher rHuEPO dose to achieve
hematocrit values comparable to those in men; because
women and men received equivalent amounts of in-
travenous iron, the difference in rHuEPO requirement
was attributed to the contribution of androgens to ery-
thropoiesis [22]. In our study, mean hemoglobin values
were lower in females than in age-matched males and in
blacks than in age-matched whites, irrespective of dial-
ysis type, although the differences were not statistically
significant.

Iron deficiency (functional or absolute) is common in
rHuEPO-treated ESRD patients; accordingly, these pa-
tients require iron supplementation [8, 13, 18, 25–29].
Thus, among pediatric hemodialysis and peritoneal dial-
ysis patients, it is of concern that intravenous iron was not
administered during 34% and 85% of the patient years,
respectively. We found the use of intravenous iron to be
lowest in patients aged 0 to 4 years, irrespective of dial-
ysis type. Among patients aged 0 to 4 years, intravenous
iron was received during only 33.9% (hemodialysis) and
0.3% (peritoneal dialysis) of the patient years. Although
intravenous iron use increased for peritoneal dialysis pa-
tients 5 years of age or older, it was used much less than
in hemodialysis patients. However, pediatric peritoneal
dialysis patients likely received oral iron supplementa-
tion. The 2001 NAPRTCS annual report showed that
most pediatric chronic dialysis patients at 12 months of
dialysis were receiving oral iron supplementation (84%
of peritoneal dialysis and 72% of hemodialysis patients)
[17]. Attention to iron management provides an opportu-
nity to improve anemia profiles in pediatric chronic dial-
ysis patients.

The current suggested target hemoglobin range in
adults and pediatric patients with ESRD is 11 to 12 g/dL
[12]. Despite the publication of guidelines in 1997 [12], pe-
diatric peritoneal dialysis patients from 1998 to 2000 and
pediatric hemodialysis patients in 1998 did not achieve
a mean hemoglobin value in the target range. Recent
improvements in mean hemoglobin values in rHuEPO-
treated pediatric hemodialysis patients have exceeded
those in rHuEPO-treated pediatric peritoneal dialysis
patients.

In adult chronic dialysis patients, anemia has been
shown to be a risk factor for the development of left ven-
tricular hypertrophy, cardiomyopathy, and death [3, 4, 23,
30–36]. No large, prospective studies in pediatric chronic
dialysis patients have linked anemia to outcomes such as
cardiovascular disease, the leading cause of mortality in
adults and children with ESRD [4, 5, 37, 38]. In a small
study of the effects of anemia on cardiovascular abnor-
malities in 7 children on chronic dialysis, Morris et al [9]
found that treatment of anemia with rHuEPO was asso-
ciated with improvement in left ventricular hypertrophy.
After 12 months of treatment the mean hemoglobin had
improved from 7.2 g/dL to 11.7 g/dL (P < 0.01), left ven-
tricular mass index had decreased from 94 to 81 g/m2 (P =
0.02), and the mean cardiothoracic ratio had decreased
from 50% to 46% (P = 0.005) [9]. Recent studies show
cardiovascular disease is a significant cause of morbidity
and mortality in children with ESRD [5, 37, 38]. Thirty-
one percent of 1454 pediatric dialysis patients from 1991
to 1996 in the United States developed cardiovascular
disease, and it accounted for 38% of the deaths in these
patients [5]. In a study of 381 prevalent pediatric chronic
dialysis patients from The Netherlands, cardiac disease
accounted for 45% of the patient deaths [37]. Parekh et al
[38] found that cardiovascular disease accounted for 23%
of 1380 deaths in United States pediatric and young adult
ESRD patients who died between 1990 and 1996. These
findings suggest the need for a large, prospective study
of cardiovascular disease risk factors such as anemia in
children with ESRD.

Approximately 55% of 1996 to 1998 incident pediatric
ESRD patients received a kidney transplant within two
years after starting ESRD therapy [24]. Therefore, the
pediatric chronic dialysis patients in this study may have
represented a pediatric population with comorbid condi-
tions that prevented them from undergoing transplanta-
tion in a timely manner. This potential selection bias may
in part explain the degree of anemia found in pediatric
patients in this study.

CONCLUSION

Pediatric chronic dialysis patients in the United States
may be undertreated for anemia despite the use of
rHuEPO supplementation. We found this to be especially
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true for black and female patients. Intravenous iron may
also be underused in pediatric chronic dialysis patients.
Although mean hemoglobin values in pediatric patients
lagged behind values in adults across years, we saw a def-
inite trend toward improved mean hemoglobin values in
children over time. The results of this study indicate the
need for continued improvement in the management of
anemia in children undergoing chronic dialysis.

ACKNOWLEDGMENTS

We thank Dana Knopic and Beth Forrest for manuscript prepara-
tion and submission assistance, Ed Constantini for illustrations, and
James Kaufmann for editorial assistance. This project has been funded
in whole with federal funds from the National Institute of Diabetes and
Digestive and Kidney Diseases, National Institutes of Health, under
Contract No. N01-DK-9-2343, and is administered by the Minneapolis
Medical Research Foundation.

Reprint requests to Blanche M. Chavers, M.D., University of Min-
nesota Department of Pediatrics, Mayo Mail Code 491, 420 Delaware
Street S.E., Minneapolis, MN 55455.
E-mail: chave001@tc.umn.edu

REFERENCES

1. ESCHBACH JW, ADAMSON JW: Anemia of end-stage renal disease
(ESRD). Kidney Int 28:1–5, 1985

2. METIVIER F, MARCHAIS SJ, GUERIN AP, et al: Pathophysiology of
anaemia: Focus on the heart and blood vessels. Nephrol Dial Trans-
plant 15(Suppl 3):14–18, 2000

3. SILBERBERG JS, RAHAL DP, PATTON DR, et al: Role of anemia in
the pathogenesis of left ventricular hypertrophy in end-stage renal
disease. Am J Cardiol 64:222–224, 1989

4. FOLEY RN, PARFREY PS, HARNETT JD, et al: The impact of anemia
on cardiomyopathy, morbidity, and mortality in end-stage renal dis-
ease. Am J Kidney Dis 28:53–61, 1996

5. CHAVERS BM, LI S, COLLINS AJ, et al: Cardiovascular disease in
pediatric chronic dialysis patients. Kidney Int 62:648–653, 2002

6. MCGONIGLE RJ, WALLIN JD, SHADDUCK RK, et al: Erythropoietin
deficiency and inhibition of erythropoiesis in renal insufficiency.
Kidney Int 25:437–444, 1984

7. ESCHBACH JW, EGRIE JC, DOWNING MR, et al: Correction of the
anemia of end-stage renal disease with recombinant human ery-
thropoietin: Results of a combined phase I and II clinical trial. N
Engl J Med 316:73–78, 1987

8. ESCHBACH J, ABDULHADI MBJ, DELANO B, et al: Recombinant hu-
man erythropoietin in anemic patients with end-stage renal disease.
Results of a Phase III multicenter clinical trial. Ann Intern Med
111(12):992–1000, 1989

9. MORRIS KP, SKINNER JR, HUNTER S, et al: Cardiovascular abnormal-
ities in end stage renal failure: The effect of anaemia or uraemia?
Arch Dis Child 71:119–122, 1994

10. MORRIS KP, SHARP J, WATSON S, et al: Non-cardiac benefits of human
recombinant erythropoietin in end stage renal failure and anaemia.
Arch Dis Child 69:580–586, 1993

11. JABS K: The effects of recombinant human erythropoietin on growth
and nutritional status. Pediatr Nephrol 10:324–327, 1996

12. NKF-DOQI CLINICAL PRACTICE GUIDELINES FOR THE TREATMENT OF

ANEMIA OF CHRONIC RENAL FAILURE: National Kidney Foundation-
Dialysis Outcomes Quality Initiative. Am J Kidney Dis 30:S192–
S240, 1997

13. NKF-K/DOQI CLINICAL PRACTICE GUIDELINES FOR ANEMIA OF

CHRONIC KIDNEY DISEASE: Update 2000. Am J Kidney Dis 37:S182–
S238, 2001

14. VAN DAMME-LOMBAERTS R, BROYER M, BUSINGER J, et al: A study of
recombinant human erythropoietin in the treatment of anaemia of
chronic renal failure in children on haemodialysis. Pediatr Nephrol
8:338–342, 1994

15. YALCINKAYA F, TUMER N, CAKAR N, et al: Low-dose erythropoietin is
effective and safe in children on continuous ambulatory peritoneal
dialysis. Pediatr Nephrol 11:350–352, 1997

16. GAGNADOUX MF, LOIRAT C, BERTHELEME JP, et al: Treatment of
anemia in hemodialyzed children using recombinant human ery-
thropoietin (Eprex). Results of a French multicenter clinical trial.
Nephrologie 15:207–211, 1994

17. NEU AM, HO PL, MCDONALD RA, et al: Chronic dialysis in chil-
dren and adolescents. The 2001 NAPRTCS Annual Report. Pediatr
Nephrol 17:656–663, 2001

18. SEEHERUNVONG W, RUBIO L, ABITBOL CL, et al: Identification of poor
responders to erythropoietin among children undergoing hemodial-
ysis. J Pediatr 138:710–714, 2001

19. BREM AS, LAMBERT C, HILL C, et al: Outcome data on pediatric
dialysis patients from the end-stage renal disease clinical indicators
project. Am J Kidney Dis 36:310–317, 2000

20. BRANDT JR, AVNER ED, HICKMAN RO, et al: Safety and efficacy
of erythropoietin in children with chronic renal failure. Pediatr
Nephrol 13:143–147, 1999

21. SIENIAWSKA M, ROSZKOWSKA-BLAIM M: Recombinant human ery-
thropoietin dosage in children undergoing hemodialysis and con-
tinuous ambulatory peritoneal dialysis. Pediatr Nephrol 11:628–630,
1997

22. IFUDU O, URIBARRI J, RAJWANI I, et al: Gender modulates respon-
siveness to recombinant erythropoietin. Am J Kidney Dis 38:518–
522, 2001

23. MADORE F, LOWRIE E, BRUGNARA C, et al: Anemia in hemodialy-
sis patients: Variables affecting this outcome predictor. J Am Soc
Nephrol 8(12):1921–1929, 1997

24. U.S. RENAL DATA SYSTEM: USRDS 2002 Annual Data Report,
Bethesda, MD, National Institutes of Health, National Institute of
Diabetes and Digestive and Kidney Diseases, 2002

25. FISHBANE S, MAESAKA JK: Iron management in end-stage renal dis-
ease. Am J Kidney Dis 29:319–333, 1997

26. MORGAN HE, GAUTAM M, GEARY DF: Maintenance intravenous
iron therapy in pediatric hemodialysis patients. Pediatr Nephrol
16:779–783, 2001

27. GREENBAUM LA, PAN CG, CALEY C, et al: Intravenous iron dextran
and erythropoietin use in pediatric hemodialysis patients. Pediatr
Nephrol 14:908–911, 2000

28. KOOISTRA MP, MARX JJ: The absorption of iron is disturbed in
recombinant human erythropoietin-treated peritoneal dialysis pa-
tients. Nephrol Dial Transplant 13:2578–2582, 1998

29. BAILIE GR, FRANKENfiELD DL, PROWANT BF, et al: Erythropoietin
and iron use in peritoneal dialysis patients. Report from the 1997
HCFA end-stage renal disease core indicators project. Am J Kidney
Dis 33:1187–1189, 1999

30. FOLEY RN, PARFREY PS, KENT GM, et al: Long-term evolution
of cardiomyopathy in dialysis patients. Kidney Int 54:1720–1725,
1998

31. SILBERBERG J, RACINE N, BARRE P, et al: Regression of left ventric-
ular hypertrophy in dialysis patients following correction of ane-
mia with recombinant human erythropoietin. Can J Cardiol 6:1–4,
1990

32. MACDOUGALL IC, LEWIS NP, SAUNDERS MJ, et al: Long-term car-
diorespiratory effects of amelioration of renal anaemia by erythro-
poietin. Lancet 335:489–493, 1990

33. PASCUAL J, TERUEL JL, MOYA JL, et al: Regression of left ventricu-
lar hypertrophy after partial correction of anemia with erythropoi-
etin in patients on hemodialysis: A prospective study. Clin Nephrol
35:280–287, 1991

34. FOLEY RN, PARFREY PS, MORGAN J, et al: Effect of hemoglobin
levels in hemodialysis patients with asymptomatic cardiomyopathy.
Kidney Int 58:1325–1335, 2000

35. HAMPL H, STERNBERG C, BERWECK S: Regression of left ventricu-
lar hypertrophy in hemodialysis patients is possible. Clin Nephrol
58(Suppl 1):S73–S96, 2002

36. LONDON GM, PANNIER B, GUERIN AP, et al: Alterations of left ven-
tricular hypertrophy in and survival of patients receiving hemodialy-
sis: Follow-up of an interventional study. J Am Soc Nephrol 12:2759–
2767, 2001

37. GROOTHOFF JW, GRUPPEN MP, OFFRINGA M, et al: Mortality and
causes of death of end-stage renal disease in children: A Dutch
cohort study. Kidney Int 61:621–629, 2002

38. PAREKH RS, CARROLL CE, WOLFE RA, et al: Cardiovascular mor-
tality in children and young adults with end-stage kidney disease. J
Pediatr 141:191–197, 2002




