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Abstract
The effectiveness of recombinant human
erythropoietin (r-HuEpo) in raising
haemoglobin concentrations in very low
birthweight infants was examined in a
randomised multicentre study. Twenty
nine 'healthy' appropriate for gestational
age infants with birth weights 900-1400 g
entered the study at 3 weeks of age. All
infants received breast milk supple-
mented with 9 g/l human breast milk
protein from 3 to 8 weeks of age. Eighteen
mg iron was given daily from week 3 and
was doubled if serum iron concentration
fell below 16*0 ,umolIl. Fourteen infants
were randomised to receive 100 U/kg
r-HuEpo subcutaneously three times a
week from week 3 to week 7; 15 infants
served as controls.

After one week reticulocyte and haemo-
globin concentrations were significantly
higher in the r-HuEpo treated group and
the haemoglobin values remained signifi-
cantly higher throughout r-HuEpo treat-
ment and at the concentrations observed
in full term infants. No adverse effects
were associated with the treatment.

In stable very low birthweight infants
with optimal iron and protein intakes,
moderate dose r-HuEpo can produce
significant gains in red cell production
that may be clinically usefil.
(Arch Dis Child 1993; 69: 19-23)

Hitherto, blood transfusion has been the chief
means of correcting anaemia in preterm
infants. Blood transfusion has small, but
significant risks and thus any measures that
could increase the infant's own production of
erythrocytes and reduce the need for trans-
fusion would be welcome.

Haemoglobin concentrations decrease in all
infants during the first few months after birth
and this is termed the physiological anaemia of
infancy. In preterm infants the fall in haemo-
globin is greater and more rapid, reaching a
nadir at 5-8 weeks.' This early anaemia of
prematurity is mainly due to inadequate
production of red cells, although repeated
blood sampling plays a part in some infants.
Several studies have found low serum concen-
trations of erythropoietin during this period
and it has been suggested that the concentra-
tions are inappropriately low for the degree
of anaemia.24 Thus a reduced capacity for
erythropoietin production has been inferred.
In vitro studies have shown that erythroid pro-

genitors from the marrow and blood of such
infants respond normally to erythropoietin.5 6
Thus replacement treatment with recombinant
human erythropoietin (r-HuEpo) seems a
logical approach. Several studies have investi-
gated r-HuEpo treatment in preterm
infants.7-'3 So far only the pilot study of
Shannon et al 12 with only four patients in each
group and the study by Carnielli et al 13
employing very large doses of r-HuEpo have
shown clear evidence of increased erythro-
poiesis.
When planning the present study on

r-HuEpo treatment ofpreterm infants, we con-
sidered three observations to be particularly
pertinent:

(1) Human milk protein supplementation
alleviates the early anaemia in preterm infants
fed human milk, suggesting that the available
supply of protein provided by ordinary breast
milk is insufficient for red cell production
during this period of very rapid growth. 14

(2) The early anaemia in rabbits, mice, and
pigs is completely abolished by plentiful
supplies of iron, indicating that sufficient
'available iron' is essential for increased
erythropoiesis during rapid growth. 15-17

(3) The erythropoietic response to r-HuEpo
treatment in patients with renal failure is
dependent on sufficient amounts of available
iron. 18
The object of the present study was to

determine whether very low birthweight
infants respond to exogenous erythropoietin
with increased erythropoiesis. In order to
ensure non-restrictive erythropoiesis they were
richly supplemented with protein and iron.

Subjects and methods
STUDY POPULATION
The trial was designed as a randomised, open,
controlled study with four participating
centres. Based upon a statistical power study it
was decided to include 15 infants in each
group.
Twenty nine premature babies were

enrolled in the trial at 3 weeks of age. Strict
inclusion and exclusion criteria were set to
make the study population as homogenous as
possible. Inclusion criteria were: (1) birth-
weight 900-1400 g and (2) birth weight above
the 3rd centile for gestational age (AGA).19
Exclusion criteria were: (1) ongoing ventilator
treatment, (2) fractional inspired oxygen
(FIO2) >40%/o, (3) previous or present steroid
medication, (4) blood transfusion less than
96 hours before start of study, (5) ongoing
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infection with antibiotic treatment started less
than 96 hours before start of study, (6) obvious
signs/symptoms of neurological impairment,
(7) ABO/Rh incompatibility or other haemato-
logical disease, (8) other disease or illness
(renal disease, heart disease, syndromes, etc),
and (9) parenteral nutrition. The objective was
to enrol 'healthy' infants only. The babies were
withdrawn from the study if serious infection
(defined as antibiotic treatment for more than
72 hours) or increased oxygen demands
(defined as FiO2 >40% for more than 24
hours) occurred.
The infants were randomised separately at

each centre to receive r-HuEpo treatment
or serve as controls. Randomisation was
performed by prenumbered sealed envelopes.

Written informed consent was obtained
from the parents in all cases. The study was
approved by the regional ethics committee.

METHODS
The study period lasted from 3 to 8 weeks of
age with an additional assessment at 16 weeks.

Treatment andfeeding regimen
The r-HuEpo (Eprex, Cilag, 2000 U/ml) was
given subcutaneously in a dose of 100 U/kg
three times a week from 3 to 7 weeks of age.

All infants received 170-180 ml/kg/day of
human milk from either their mothers or the
milk bank. The milk was fortified from week 3
to week 8 with pasteurised, freeze dried human
milk protein in the amount of 9 g/l in
accordance with Ronnholm and Siimes.14
Total protein intake was approximately 3-0
g/kg/day.

Oral iron supplementation, 18 mg iron/day
regardless of weight, given as iron fumarate
(Neo-Fer, Nyco), was commenced at the start
of the study (3 weeks of age). If serum iron
concentration fell below 1 6X0 ,umoI/l (90
,ug/100 ml), the dose was increased to 36 mg
iron/day. At the end of the study period (8
weeks) the dose was reduced to 18 mg/day,
which is the routine supplement for preterm
infants in Norway.

Laboratory investigations
An aliquot of 1-0-1-5 ml ofblood was collected
once a week by heel prick after five minutes
prewarming to measure haemoglobin, packed
cell volume, red cell indices (mean corpuscular
volume, mean corpuscular haemoglobin, mean
corpuscular haemoglobin concentration),
white cell count, reticulocytes, serum iron,
ferritin, sodium, potassium, calcium, phos-
phate, albumin, protein, urea, and creatinine.
The blood samples were analysed in one
laboratory with automated instruments. For
the haematology Ortho-ELT 800/WS
Westwood was used. Differential and reticulo-
cyte counts were determined manually.
Reticulocytes were determined by counting
2000 erythrocytes from coded blood smears.

Blood pressure was recorded daily by non-
invasive oscillometric technique. Weight was

measured daily, length and head circum-
ference weekly.

Indications for blood transfusion were:
(1) haemoglobin concentration below 80 g/l or
(2) otherwise at the discretion of the clinician
caring for the infant according to symptoms
and signs.

STATISTICAL EVALUATION
Tests of treatment effects were based on
conventional regression techniques. Initial
values (at age 3 weeks) were used as covariates
to compensate for differences in initial values
and to increase the power of the tests. The
regression analyses revealed no need to take
into account differences between hospitals or
in birth weights and gestational ages. Overall
treatment effects and treatment-time inter-
actions were assessed using multivariate
analyses of covariance for repeated measure-
ments; the initial values employed as co-
variate.20 Depending on the distribution of the
variables, a linear scale or logarithmic transfor-
mation was used.
Four infants received blood transfusions

(all were controls). Using their haemoglobin
and packed cell volume values obtained
during the first 1-2 weeks after transfusion
would bias the results, as would treating the
values as missing (as the reason for each
transfusion was a low haemoglobin value).
We have therefore used linear interpolation
over the two weeks after transfusion. An
alternative technique, using regression
analysis, gave very similar values. It should be
noted that the main conclusion did not
depend on this interpolation procedure; the
largest difference between the control and
treatment groups was found at age 7 weeks
while the interpolation only affected ages 4-6
weeks.
One infant in the control group was

excluded at age 6 weeks due to suspected septi-
caemia. The baby's data for age 3-6 weeks
have been included in the analyses.
The analyses of all main variables have

been repeated on the subgroup obtained by
eliminating the data from the excluded infant
and from the infants with initial haemoglobin
concentrations above 150 g/l or below 90 g/l.
Results were very close to those obtained for
the complete data set.

Results
The table shows the pretreatment characteris-
tics. The treatment and control groups were
similar with respect to birth weight, gestational
age, sex ratio, weight at entry, and baseline
haematological values.

Reticulocytes, both in percentage ofred cells
and in absolute numbers, increased rapidly
and significantly (p<0-0001) after one week
of r-HuEpo treatment (fig 1). Significant
treatment effects on reticulocyte values were
found after one, two, and three weeks of treat-
ment. In the control group the reticulocyte
counts showed the normal rise and were
significantly higher at 4 to 8 weeks of life
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compared with initial values (p<0 01) (fig 1).
During the last week of r-HuEpo treatment
(6 to 7 weeks of age) there was a small decline
in reticulocyte count (p<0 05), but a highly
significant fall was observed after the cessation
of r-HuEpo treatment at 7 weeks of age
(p-<0000 1).

Figure 2 displays the haemoglobin and
packed cell volume values. The treatment
effect was already significant after one week
(age 4 weeks), and this effect was sustained
throughout the treatment period. The lowest
mean haemoglobin concentration in the
r-HuEpo group was 112 g/l at 5 weeks of age
while that of the controls was 98 g/l (week 7).
The red cell indices were similar in both
groups throughout the study.

All but three infants (two r-HuEpo treated,
one control) required an increase in iron dosage
due to serum iron concentration less than 16-0
,umol/l. Serum iron fell initially in the
r-HuEpo treated group. After one week of
treatment they had significantly lower values
than the controls (14 ,umoll v 19 pumoIl).
Thereafter the concentrations were equivalent.
Serum ferritin concentrations displayed the
expected fall in both groups,21 and there were
no significant differences between them.
During the study period four infants in the con-
trol group were transfused with red blood cells,
none in the r-HuEpo group.

There were no significant differences
between the groups in total white blood cell
and neutrophil counts. No case of neutropenia
(neutrophils <109/1) was observed during the
r-HuEpo treatment. One control infant had
neutropenia at age 7 and 8 weeks. One
r-HuEpo treated infant had 09X I09/1
neutrophils at age 16 weeks, that is nine weeks
after the last r-HuEpo injection. Platelet
counts increased slightly during the study

period in both groups with no significant
differences between them.
Growth (weight, length, and head circum-

ference) was similar in the two groups with a
weight gain of about 200 g/week, nearly corres-
ponding to the in utero increments. 19
No adverse effects were observed during the

study. In particular, no hypertension or differ-
ences in blood pressure between the groups
were encountered. There were no reactions to
the injections, the oral iron, or the protein
supplementation. All biochemical indices were
within normal range. One patient in the
control group was withdrawn from the study
due to suspected, but at no time verified,
septicaemia. His serum iron concentrations
were within the normal range (at withdrawal:
147 jxmoJl).

Discussion
In this randomised trial we have clear evidence
that small preterm infants are able to respond
to exogenous erythropoietin with increased
erythropoiesis. The response was already seen
after one week of r-HuEpo treatment in
reticulocyte count as well as haemoglobin and
packed cell volume values (figs 1 and 2). The
nadir of haemoglobin concentration in the
r-HuEpo treated group was 112 g/l. This
value is similar to the nadir observed in full
term infants.22 23 Thus the r-HuEpo treatment
abolished the early anaemia of prematurity in
these infants.
A point of interest is the drop observed in

reticulocyte counts during the last week of
r-HuEpo treatment and the first week after
cessation of treatment at 7 weeks of age. The
cause of this possible decline in erythropoiesis
during and shortly after stopping r-HuEpo
treatment might be that the endogenous

Pretreatment characteristics ofstudy infants. Values are
mean (range)
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Figure 1 Absolute reticulocyte concentration in the
r-HuEpo and control groups. Mean values; bars represent
SE. Significant difference between treatment group and
controls: *p<005, ***p<O0OO1.

Figure 2 Haemoglobin andpacked cell volume in the
r-HuEpo and control groups. Mean values; bars represent
SE. Significant difference between treatment groups and
controls: *p<0O05, **p<O0O1, ***p<O0OO1.
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erythropoietin production ceases when haemo-
globin increases.
Why did we obtain such a clear cut r-HuEpo

response with moderate doses while others
have failed to do so?8 9We believe that the
protein and iron supplements given to the
infants in our study constitute the major
explanation. Ronnholm and Siimes found that
human milk protein supplementation amelio-
rates the early anaemia in preterms fed human
milk. 14 In the present investigation we
provided the same kind of protein supplement
in the same amount to both the r-HuEpo
group and the controls during the study
period. Our objective in this respect was to
supply sufficient protein both for the increased
erythropoiesis that r-HuEpo treatment could
cause, and to ensure enough protein for the
rapid growth of the preterm infant at this age.
We were concerned that the artificial hormone
stimulation could divert protein needed for
essential growth or other organs into red
cell production if a deficiency or marginal
provision of available protein occurred.

Functional iron deficiency during r-HuEpo
treatment of older subjects has been frequently
reported.24 It is seen in the presence of normal
and even increased concentrations of storage
iron.25 The cause seems to be that the rate of
supply of available iron to the expanding and
responding erythron mass is not high
enough.24 This state in the human corresponds
to what is seen in the neonatal rabbit in which
parenteral iron increases red cell production to
such an extent that the animals experience no
early anaemia whatsoever. This effect of
parenteral iron occurs even though the animals
have abundant storage iron.15 Based on these
established findings we considered a rich
supply of iron to be essential for fulfilling the
requirements of erythropoiesis in the r-HuEpo
stimulated bone marrow. Because of poten-
tially deleterious effects26 we considered
parenteral iron provision to be unethical. By
international standards the regular Norwegian
preterm iron dose of 18 mg iron commenced at
6 weeks of age is high. This dose was started at
3 weeks of age (beginning of the study period)
and doubled if serum iron fell below 16-0
,umoL/l. No side effects of the iron medication
were observed.
As earlier investigations of preterm infants

failed to document an effect of r-HuEpo, the
need for studies employing large doses of the
hormone was called for.8 9 12 13 Our r-HuEpo
dose of 300 U/kg/week is low compared with
that of most ongoing investigations in preterms
in which, for instance, up to 1200 U/kg/week
are being used. On the other hand, our dose
seems, at first sight, higher than the dose
recommended for adult patients with end stage
renal failure. However, calculated on the basis
of body surface area rather than body weight,
the doses are comparable: 30 U/kg in an adult
of 75 kg/180 cm corresponds to the same
dose/M2 body surface as 100 U/kg in an infant
of 1-4 kg/41 cm. The reason for the lack of
effect in other studies on preterm infants might
be insufficiency of substrate (protein, iron)
rather than insufficient r-HuEpo dosage.

The aetiology of the early anaemia of
prematurity is still not clear. The observed
stimulation of the erythropoiesis by exogenous
erythropoietin does not necessarily prove that a
lack of endogenous erythropoietin is the cause.
In all other age groups all normal individuals
will respond with increased red cell production
following the r-HuEpo doses given.
No adverse effects of r-HuEpo were

observed, neither hypertension nor local or
systemic reactions to the injections.
Neutropenia, suggested as side effect of
r-HuEpo treatment in preterm infants,7 10 was
not observed in our study. In the uncontrolled
pilot study of Halperin et al thrombocytosis as
a side effect was postulated.7 We observed no
differences between the groups in our study,
and a rise in platelet count appears to be a
normal phenomenon in preterm infants.27
The present study is too limited to answer

whether all preterms would benefit from
r-HuEpo treatment. Our aim was to establish
whether the preterm infant is able to respond
to exogenous erythropoietin with increased red
cell production during the time of the early
anaemia. We chose a selected group to answer
this: healthy, orally fed, well nourished infants
with birth weights 900-1400 g and appropriate
for gestational age who were studied at 3-8
weeks of age. The marked increase in red cell
production we have demonstrated, however,
may be of significant clinical value and reduce
the need for transfusion. It remains to be seen
whether smaller and sick infants respond to
r-HuEpo in the same fashion, as well as how
early after birth treatment can be effective. The
need for securing adequate nutrition (iron,
protein, and perhaps other essentials) might in
such infants be even more crucial.
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