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Abstract In patients with renal anemia, iron therapy can
be administered intermittently or regularly at a low dose.
We performed a randomized clinical trial in pediatric
patients with end-stage renal failure on hemodialysis and
absolute or functional iron deficiency. The study group
received maintenance iron therapy according to the
ferritin serum levels and the control group received
intermittent 10-weekly doses. Success was defined as
stabilization of ferritin levels between 100 and 800 ug/l
and transferrin saturation (TSAT) between 20% and 50%,
in addition to an increase in the hemoglobin level. The
major reason for exclusion was iron overload. The study
group received 6 mg/kg per month of parenteral iron
[95% confidence interval (CI) 3.3-8.8] and the control
group 14.4 mg/kg per month (95% CI 12-16.8)
(P<0.001). After 4 months of treatment, ferritin levels
increased to 66 ug/l (95% CI 69-200) in the study group
and to 334 ug/l (95% CI 145-522) in the control group
(P=0.009). Maintenance therapy and intermittent weekly
doses were successful in 73% and 38%, respectively.
After 3 months of treatment, hemoglobin levels increased
to 10 g/dl, with no difference between the groups.
However, in the control group the increase in hemoglobin
levels was unsustained, and 3 patients needed transfusion.
Patients in the control group had a higher risk of iron
overload than patients in the study group (70% vs. 19%).
Thus, the regimen based on assessment of serum ferritin
levels was more efficient than the intermittent regimen
because it increased and maintained the hemoglobin
levels with lower iron doses and a lower risk of iron
overload.
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Introduction

Treatment of renal anemia has been partially solved by
the use of erythropoietin (EPO) [1, 2, 3]. Nevertheless,
when there is iron deficiency, its success is reduced [4, 5,
6,7,8,9, 10, 11]. Patients with chronic renal failure have
high interleukin-6 levels, which modify iron metabolism
[12, 13]. Due to decreased transferrin levels and the
absence of EPO-driven erythropoiesis in these patients,
iron is redistributed to the reticuloendothelial system and
non-hemopoietic tissues. Iron is principally accumulated
in hepatocytes and Kupffer cells during periods of
erythropoiesis depression [14, 15, 16].

The clinical practice guidelines of the National Kidney
Foundation Dialysis Quality Initiatives (NFK-DOQI) [17]
have proven efficacy, but adjustments for pediatric
practice may produce iron overload [18, 19]. Therefore
maintenance therapy with low iron doses could be better
than high intermittent doses [20, 21, 22, 23, 24, 25, 26].

Flores et al. [27] reported a 4% increase in the
hematocrit and an 11% decrease in the erythropoietin
requirements in children given intermittent 10-weekly
doses of iron dextran regimen according to body weight.
Tenbrock et al. [28] reported similar results after 3 months
of treatment with 1 mg/kg per week iron dextran.

The aim of this study was to compare two regimens of
iron therapy to correct iron deficiency in pediatric
hemodialysis patients. The study group received a low-
dose maintenance regimen according to the ferritin serum
levels and the control group received intermittent 10-
weekly doses.

Materials and methods

The clinical trial was carried out at the Department of Pediatric
Nephrology of the Mexican Institute of Social Security from
August 2000 to December 2001. The study was approved by the
local ethics committee.

We included 40 pediatric hemodialysis patients with appropri-
ate parameters for dialysis efficiency (Kt/V >1.2, urea reduction
ratio >65%). They were less than 16 years, had anemia, and
absolute [ferritin <100 pug/l and transferrin saturation (TSAT)
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<20%] or functional iron deficiency (ferritin >100 ug/l and TSAT
<20% or hematocrit <33%). Patients were not eligible if they had
iron overload (ferritin >800 wug/l or TSAT >50%, medium
corpuscular volume >100 fl), coagulation abnormalities, abnormal
hepatic function, were hypersensitive to iron, or had been
transfused a month previously. Patients were excluded if they had
a documented allergy to iron dextran, infection, if they were
transfused with red blood cells, when they changed dialysis
therapy, if they developed iron overload, or when they decided
not to continue with the study. We recorded age, diagnosis, time on
hemodialysis, and EPO dose.

Laboratory tests were performed monthly over 6 months. These
included hemoglobin (Coulter counter), TSAT (serum iron/total
iron binding capacity, measured with a spectrophotometric enzy-
matic assay) and ferritin (Coat-A-Count Ferritin IRMA). All intra-
and inter-assay coefficients of variation were <6%.

Patients were randomized into one of two groups:

— Study group (group 1): the iron dose depended upon the ferritin
serum levels. We calculated iron reserves, iron needs, and net
projected iron stores as follows: iron reserves (mg)=400x(log
ferritin—log 30), iron needs for new hemoglobin synthesis:
Fe (mg)=150x(11.55-Hb,), net projected iron stores=iron re-
serves—iron needs. The net projected iron stores were admin-
istered as weekly doses according to the body weight (<10 kg
25 mg/dose, 10-20 kg 50 mg/dose, >20 kg 100 mg/dose). After
this loading dose, each patient received weekly maintenance
doses of 1 mg/kg per week. Iron was discontinued if ferritin was
>800 ug/l and/or TSAT >50% [19, 28, 29].

— The control group (group 2) received ten-dose courses accord-
ing to body weight: <10 kg 25 mg/dose, 10-20 kg 50 mg/dose,
and >20 kg 100 mg/dose. If the hematocrit was <33%, ferritin
<100 pg/l, and/or TSAT <20%, we repeated another ten-dose
course [17, 27].

Iron dextran was administered intravenously in 20 ml normal
saline over 30 min. Treatment was started in each patient with a test
dose of 10 mg. The EPO dose was modified at 2-month intervals. If
the hematocrit was >30%, we decreased the EPO dose by
increments of 25 IU/kg per week, until 80 IU/kg per week was
reached. If the hematocrit was <30%, we increased the EPO dose
by 25 IU/kg per week to a maximum of 300 IU/kg per week.

The principal end-points of the study were: ferritin, TSAT, and
hemoglobin levels. Success was defined as attaining and maintain-
ing ferritin levels between 100 and 800 pg/l and attaining and
maintaining TSAT levels between 20% and 50%, irrespective of
the hemoglobin levels.

Statistical analysis

Results are expressed as mean+SEM. Baseline parameters of
groups were compared using Student’s ¢ and chi-squared tests. For
ferritin, TSAT, and hemoglobin, a repeated-measures analysis of
variance was performed. An intention-to-treat analysis was used
with all the randomized patients in both groups. Success and failure

were compared with the Fisher’s test. Kaplan-Meier analysis was
used to calculate the hazard of iron overload in both groups. We
used a continuous sequential design for monitoring trial progress
and minimizing the average number of patients before stopping
when the alternative hypothesis was true [30]. All data were
analyzed using the NCSS 2000 and SPSS 10.0 programs.

Results

Forty children were enrolled in the study (12 female and
28 male), 20 were randomized to the study group and 20
to the control group. There were no differences in
baseline parameters between groups, except for the age
and time on hemodialysis. Thirteen patients had absolute
iron deficiency and 27 had functional iron deficiency
(Table 1). The underlying diseases were renal hypoplasia
(9 patients), obstructive uropathy (8 patients), chronic
glomerulonephritis (7 patients), focal segmental glomer-
ulosclerosis (2 patients), and the etiology was unknown in
14 patients.

We excluded 6 patients in the study group and 14 in
the control group. The major reason for exclusion was
iron overload in 13 patients, 4 in the study group and 9 in
the control group. Other exclusion causes were transfu-
sion with red blood cells (3 patients in the control group),
infection (1 in each group), and transplant (1 in each
group). There were 15 patients in the study group and 16
in the control group who received treatment over at least
3 months. There were 5 and 2 patients in the study group
and 6 and 1 patients in the control group who received
treatment over 4 and 6 months, respectively.

The cumulative iron dose in the study group was 6 mg/
kg per month [95% confidence interval (CI) 3.3-8.8] and
14.4 mg/kg per month in the control group (95% CI 12—
16.8) (P<0.001, 99% power).

Ferritin increased in both groups, reaching a peak at
3 months in the study group (500-600 ug/). However,
after 4 months ferritin levels were higher in the control
group than in the study group (Fig. 1). TSAT was similar
in the two groups after 3 months with a range of 25%-—
40% (P=NS, 89% power).

The basal hemoglobin was ~8 g/dl in both groups; after
3 months of treatment it increased to 10 g/dl, with no
difference between the groups. However, in the control
group, the increase in hemoglobin levels was intermittent,
they reached normal or high levels, but decreased to

Table 1 Baseline clinical char-
acteristics of children with renal
anemia in the study and control

groups (7SAT transferrin satu-
ration, EPO erythropoietin)

Variable Study group (n=20) Control group (n=20) P
(Mean=SD) (Mean+SD)

Age (years) 11.7£2.6 9.7£3.7 0.02
Weight (kg) 29+13 23+10 NS
Time on hemodialysis (months) 16+14 9+8 0.02
Ferritin (ug/l) 260+181 264+256 NS
TSAT (%) 25.3+11 19.8+10 NS
Hemoglobin (g/dl) 8.4+1.4 7.7+1.5 NS
EPO dose (IU/kg per week) 216+93 226+26 NS
Parathyroid hormone (pg/ml) 322+356 398+695 NS
Iron absolute deficiency 6 7 NS
Iron functional deficiency 14 13 NS
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Fig. 1 Ferritin levels increased to 66 ug/l [95% confidence interval
(CI) 69-200] after 4 months of treatment in the study group and to
334 ugl/l (95% CI 145-522) in the control group (P= 0.009, 81%
power). Iron overload was higher in the control group than in the
study group (9 vs. 4, P<0.001)
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Fig. 2 After 3 months of treatment hemoglobin levels were similar.
After 4 months of treatment the hemoglobin level in the control
group was higher than in the study group (P<0.05, power 99%), but
at 6 months there was a decrease in both groups

subnormal levels at 6 months (Fig. 2). Hemoglobin A in
absolute iron deficiency and in functional iron deficiency
patients was 0.8 g/dl (95% CI 0.6-2.3) and 1.6 g/dl (95%
CI 0.7-2.6), respectively (P=0.16, 25% power).

The average EPO dose was 197 IU/kg per week (95%
CI 143-250) and 237 1U/kg per week (95% CI 200-275)
in the study and control groups, respectively (P=0.18,
26% power). The mean time on hemodialysis was
16+13 months vs. 1010 months in patients with and
without iron overload (P=0.04, power 53%).

The intention-to-treat analysis with all the randomized
patients in both groups revealed successful treatment in
70% of the study group and 30% of the control group
(P=0.02, 73% power).

The calculated hazard of iron overload (Kaplan-Meier
analysis) after 6 months of treatment was 20% in the
study group and 100% in the control group (Fig. 3).

Of 13 patients with functional iron deficiency, 9 had
iron overload compared with none with absolute iron
deficiency (P=0.005, 87% power). The risk of iron
overload was 70% in patients with functional iron
deficiency in the control group compared with 19% in
the study group.

Due to the ethical concern to avoid any patient in the
trial receiving a treatment known to be inferior or with
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Fig. 3 Kaplan-Meier analysis shows that almost 70% of patients in
the study group had a plateau of normal ferritin levels after
3 months of treatment, while in the control group the ferritin levels
progressively increased (broken line is study group, solid line is
control group)
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Fig. 4 Sequential analysis with closed plan. Patients enter the trial
in pairs, with one assigned to each treatment. After evaluation of
the response we determined according to prearranged criteria which
patient in each pair responded better. When the results were plotted
the upper boundary was reached after 14 paired preferences (11
favoring the study group and 3 favoring the control group). There
was evidence that the maintenance regimen was better than
intermittent 10-weekly doses

more side-effects (iron overload) than the other, we used a
continuous sequential design for monitoring trial progress
and minimizing the average number of patients before
stopping when the alternative hypothesis was true. The
sequential analysis with closed plan showed better results
with the maintenance regimen (Fig. 4). There was no
allergy to iron dextran.

Discussion

The efficacy of iron treatment in patients with renal
anemia has been demonstrated previously, but different
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iron therapies have shown different degrees of response
and safety [17, 27, 28]. This reflects the variety of
circumstances that modify the iron depot and mobiliza-
tion in patients on dialysis.

In our study, both iron regimens increased ferritin
levels, but after 4 months of treatment some patients had
above-normal values. This led us to discontinue iron
administration in 9 patients in the control group and 4 in
the study group. After 6 months of treatment a few
patients had functional iron deficiency; therefore, we
continued the established dose in the study group.
However, the patients in the control group could not be
given iron because they had iron overload and 3 required
transfusion.

Both iron therapies were equally effective in increas-
ing hemoglobin levels to ~10 g/dl after 3 months of
treatment. According to the NFK-DOQI this hemoglobin
level is subnormal; however, it is sufficient to maintain
the patients without the need for transfusion.

The increase in hemoglobin levels was intermittent in
the control group because they reached normal or above-
normal levels after 3 months of treatment, but diminished
to subnormal levels after this period. This response might
have deleterious effects on tissues and organs. After
6 months of treatment patients who received maintenance
therapy according to the ferritin serum levels maintained
their elevation in hemoglobin levels and normal iron
levels. Those who received intermittent 10-weekly doses
and reached iron overload had more difficulty in
increasing hemoglobin levels. As Besarab et al. [22, 23]
reported in adults, pediatric hemodialysis patients in the
control group with high ferritin levels (>800 ug/l) did not
exhibit enhanced erythropoiesis after iron overload.

Other authors regard treatment to be unsuccessful
when ferritin, TSAT, or hemoglobin levels do not
increase [27, 28]. In this study we decided to regard high
ferritin and TSAT levels as failure because high ferritin
levels have deleterious effects in many organs. Iron
deposits are found in the liver, the heart, and other tissues
[14]. High ferritin levels are also a marker of EPO
resistance [11], morbidity, and mortality in patients with
renal anemia [16]. Therefore, iron treatment must be
discontinued when ferritin surpasses normal serum levels.
On this basis we had to discontinue iron treatment in
almost 70% of patients in the control group.

Patients with iron overload had spent longer on
hemodialysis treatment. The frequent exposure to dialyzer
filters stimulates the liberation of inflammatory media-
tors, principally interleukin-6. All these mediators alter
iron metabolism. Thus, iron overload could be secondary
at least in part to iron release from the reticuloendothelial
system, and to decreased expression of cell surface
transferrin receptors, diminishing iron uptake [12, 31].
Normally, patients with renal failure have functional iron
deficiency in spite of iron overload. However, children
with a long duration of hemodialysis treatment need less
iron with frequent modifications of EPO doses.

We conclude that the maintenance iron regimen
according to the serum ferritin levels and body weight

is more effective in inducing erythropoiesis in pediatric
patients with renal anemia and produces less iron
overload compared with intermittent 10-weekly doses.
Further studies are needed to investigate the effect of a
maintenance iron regimen based on ferritin levels in
peritoneal dialysis and pre-dialysis patients as well as the
management of iron overload.
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