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ABSTRACT. To assess whether crythropoictin (EPO)
treatment is safe and reduces the need for transfusion, we
randomized 44 preterm infants to an EPO group and a
comparable control (CON) group. EPO 150 U/kg was
given s.c. twice weekly for 6 wk from the Ist wk of life.
Hematologic parameters, transfusion requirements, and
growth were followed during therapy and for 6 mo there-
after. To better assess in which neonates EPO treatment
was effective, we classified retrospectively the EPO and
CON groups into uncomplicated neonates (EPO A: n =9,
birth weight = 1247 % 126 g, gestational age =298 £ 1.5
wk; CON A: n = 7, birth weight = 1217 * 145 g, gesta-
tional age = 29.9 * 1.5 wk) and neonates requiring artificial
ventilation (EPO B: n = 16, birth weight = 1169 % 249 ¢,
gestational age = 28.1 ® 2 wk; CON B: n = 12, birth
weight = 1173 ® 215 g, gestational age = 28.3 * 2 wk).
There were significant differences in reticulocytes between
both uncomplicated and ventilated neonates in the EPO
group compared with respective control groups. However,
the need for transfusion was significantly less in the uncom-
plicated EPO group (EPO A: 0.44 * 0.73 versus CON A:
1.28 £ 0.75, p <0.05) but not in the nconates on ventilation
(EPO B: 8.25 = 5 versus CON B: 7.75 % 3.7). In conclu-
sion, early EPO administration reduces the need for trans-
fusion in uncomplicated premature neonates. Although
stimulation of erythropoiesis was apparent in both uncom-
plicated and complicated neonates, the end-result of in-
creased need for transfusion in complicated neonates was
related to altered indication of transfusion. These infants
probably require further or longer EPO administration
after weaning from ventilation and improvement of clinical
condition. (Pediatr Res 34: 675-679, 1993)
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A transient, hyporegenerative anemtia is a common problem
among small, preterm infants, particularly those born at less than
31 wk of gestation (1, 2). This anemia is referred to as “anemia
of prematurity,” and is a normocytic. normochromic anemia
with low reticulocyte counts, inappropriately low EPO serum
levels: it is often apparent by the 3rd or 4th wk of life (3. 4). In
addition, an carly iatrogenic ancmia occurs from blood samples
that are taken for a varicty of laboratory tests. Some infants
tolerate this condition without apparent difficulty, but others are
symptomatic. and this can be ameliorated by ervthrocyie trans-
fusion (5). Thus, very small premature neonates are among the
most common of all patient groups to undergo extensive trans-
fusion and the number of blood transfusions given in neonatal
intensive care units has increased as the survival of very imma-
ture infants has improved (6). Red cell transfusion entails a
considerable risk to small babies (7). Recently, r-HuEPO, a new
therapeutic option in ancmia, has been of great interest to
nconatologists because it may prove to be an effective alternative
to blood transfusions, inasmuch as infants with AOP have low
EPO levels. reduced bone marrow erythroid precursors. and
abundant EPO-sensitive erythroid progenitors (8-10).

The results of the first clinical trials regarding the response and
tolerance to EPO in infants have been published (11-17). How-
cver, the original dosage, the time and mode of administration
(i.c. preventive or therapeutic), and the treatment regimen have
vet to be defined (18-20).

We report a randomized controlled study of r-HuEPO carly
preventive administration in small premature infants who were
highly likely to require transfusions for AOP,

MATERIALS AND METHODS

Subjects. Forty-four premature infants entered a randomized,
controlled trial after their parents gave informed consent in
accordance with the ethics committee of our institution. The
infants were randomly assigned to receive (EPO group: 25 neo-
nates) or not receive (CON group: 19 nconates) r-HuEPO ac-
cording to a schedule generated by a random-number table. The
doctors in clinical charge were unaware of the treatment or
control status of the babics.

Infants were cligible for the study if they fulfilled all the
following criteria: /) gestational age at birth =31 wk: 2) birth
weight <1500 g; 3) aged | to 7 d: 4) no history of significant
hemolytic discasce caused by glucose 6-phosphate dehydrogenase
deficiency or ABO or Rh incompatibility: and 5) clinical stability
at entry as judged by the absence of clectrolyte-acid base dis-
turbances, absence of acquired or congenital infections, good
oxygenation either in mechanical ventilation or not, and absence
of scizures and hypertension.
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Given that EPO treatment was started during the Ist wk of
life. it was not possible to anticipate the probability of developing
complications. For this rcason, at the end of the therapy, to
better assess in which nconates EPO treatment was effective, we
classified the EPO and CON groups into uncomplicated (A) and
complicated (B) nconates. Neonates without or with minimal
signs of respiratory distress and with no signs of sepsis were
considered uncomplicated, whereas neonates requiring mechan-
ical ventilation (respiratory distress syndrome, apnea, and sepsis)
for more than 3 d were characterized as complicated.

Drug administration. We used r-HuEPO manufactured by
Cilag A.G. (Zug, Switzerland) as a buflered solution containing
2000 U/mL of r-HUEPO. After 1:1 dilution with 0.9% saline
solution, a solution of 1000 U/mL was obtained that was more
suitable for administration to small infants. Starting at 3-7 d of
life, r-HUEPO was given s.c. twice weekly up to 6 wk of postnatal
age at a dosage of 150 U/kg body weight per dose. All the patients
had oral supplements of clemental iron 3 mg/kg/d from the 15th
d of life that were continued at the discretion of the attending
nconatologist. The most common reason for temporarily discon-
tinuing iron therapy was suspected sepsis or necrotizing entero-
colitis. Infants initially were on total parenteral nutrition, con-
sisting of carbohydrates 15 g/kg/d, proteins 2 g/kg/d, and fat 2
g/kg/d. Thercafter, depending on their clinical condition, they
received a special formula for premature neonates that contained
2 g of protein per 100 mL. They also reccived | mL of multivi-
tamins per d and vitamin E (5 U/d) as part of the standard
nursery care. In all infants, r-HuEPO therapy was administered
in the hospital.

Laboratory and clinical monitoring. The following data were
recorded before, during, and at completion of treatment, and at
up to 6 mo of age: daily vital signs with blood pressures obtained
with an automatic noninvasive oscillometric monitor (Dinamap
847, Criticon), number and duration of apneic episodes, brady-
cardias or tachycardias, daily weights, caloric intake, cerebral
sonograms, and transfusion requircments. Transfusions were
ordered by the clinicians caring for each infant without consult-
ing the investigators, based on general guidelines for erythrocyte
transfusions (6, 21). According to these guidelines, nconates who
were well were transfused if their hematocrit was less than 0.25
combined with signs referable to their anemia, such as poor
weight gain, persistent episodes of bradycardia or tachycardia,
and apnca. Neonates with severe respiratory discase (BPD),
particularly those requiring oxygen and/or ventilator support,
reccived transfusions to maintain their hematocrit level at greater
than 0.40 (6).

Blood samples were obtained at entry, weekly, during the 6-
wk treatment, and thereafter at 3 and 6 mo of chronologic age
for determination of hematocrit, Hb concentration, and com-
plete blood cell counts including reticulocytes (percentage).
thrombocytes, smear examinations, serum levels of ferritin, fetal
Hb cytochemistry data by acid clution, and serum EPO levels by
RIA (22). For reticulocyte and Hb F-containing crythrocyte
counts, 2000 and 400 cells were counted, respectively, and all
determinations were done blindly and in duplicate. Blood was
obtained every Monday morning and EPO was given cvery
Tuesday and Friday morning,.

Statistical analysis. All statistical comparisons between treat-
ment and control groups were performed with the ¢ test.

RESULTS

Patient characteristics and growth. There were no significant
differences between the group of infants randomly assigned to
receive or not receive r-HUEPO in birth weight, gestational age,
initial hematocrit, reticulocyte count, serum ferritin concentra-
tion, or scrum erythropoietin concentration. Table | summarizes
characteristics at entry.

In group A, no children were mechanically ventilated. The
mean time of full enteral feeding establishment was similar, 13
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+ 54 dand 13.3 £ 7.5 d in the EPO A and CON A groups.
respectively. In two neonates, one from each group, full enteral
feeding was established on the 26th d of life because they had
gastrointestinal problems (feeding intolerance, abdominal disten-
sion). A CON A nconate had an episode of urinary tract infec-
tion. Mcan hospitalization time and rate of weight gain were
similar for the two groups.

In group B, there were no significant differences between EPO
and control patients with respect to mechanical ventilation du-
ration, total parenteral nutrition duration, mean nursing time,
or rate for weight gain (Table 2). Two babies assigned to the EPO
B group died of BPD, one at 7 wk of age and the other at 4 mo
of age: there was one control infant who also died of BPD. We
observed no complications clearly attributable to EPO therapy.

At 3-6 mo of age. the rate of weight gain was similar in EPO
and CON babics.

Hematologic measurements. There were no significant differ-
ences in hematocrit and Hb values between EPO and CON
babies (both uncomplicated and complicated) at any time during
the study from birth until 6 mo.

Pretreatment reticulocyte counts were similar at entry in all
infants (Table 1). The initial fall in the reticulocyte count in both
EPO and CON groups was followed by a marked increase in the
EPO groups (both A and B) compared with the CON groups
(Figs. 1 and 2). Mcan reticulocyte counts (%) were significantly
higher in EPO infants compared with control infants. At 3 and
6 mo of age, there were no ditferences between EPO and CON
groups in reticulocyte counts (Figs. 1 and 2).

There were no significant changes in platelet counts in cither
group throughout the study period. Also, there were no signifi-
cant differences between EPO and control patients with respect
to total leukocyte counts or absolute neutrophil counts. No infant
had an absolute neutrophil count of <1 x 10°/1. during EPO
trecatment. Table 2 summarizes the hematologic parameters at
the end of r-HuEPO therapy.

At entry, HbF levels were similar in both EPO and CON
uncomplicated infants (94 and 100%. respectively). The observed
significant decrecase in the level of HbF in the CON A group
from the 4th wk compared with the EPO A group was strongly
correlated with the increased transfusion in the control babies.
HBbF levels in complicated neonates at the end of the study were
very low, reflecting the high transfusion rate in this group. HbF
in EPO B group was significantly higher at the 6th wk compared
with the CON B group.

Blood sampling and transfusions. Volumes of blood removed
for laboratory tests and the amounts transfused in the studied
groups arc shown in Table 3. There was a significant decrease in
transfusions in EPO versus CON uncomplicated neonates (EPO
A:0.44 £0.73, CON A: 1.28 + 0.75). Only three of nine neonates
in the uncomplicated EPO group received four transfusions
compared with six of seven neonates of the control uncompli-
cated neonates, who received nine transfusions. One of the three
EPO A nconates who received transfusions had two transfusions
after the end of EPO treatment, one at the 7th wk and another
onc at the 11th wk. In the complicated neonates, there was a
high incidence of transfusion without any difference between
EPO and CON nconates despite the significant increase of retic-
ulocyte count in the EPO group (EPO B: 8.25 £ 5, CON B: 7.75
+3.7).

Serum ferritin levels. At the beginning of the study, serum
ferritin levels were similar in all patient groups. At the end of
EPO trcatment, ferritin levels in uncomplicated neonates were
significantly lower compared with complicated neonates. In the
EPO group of uncomplicated neonates, ferritin decreased signif-
icantly compared with the control group from the 3rd wk. In
complicated neonates, ferritin increased at the end of the study
in both EPO and CON nconates, but the increase was lower in
the EPO group (Figs. 3 and 4).

Serum EPO levels. Mean EPO levels at entry, which was 3-7
d after birth, were similar in all study patients (10.5-14.7 U/L).
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Table 1. Pretreatment characteristics of study infants*

Uncomplicated neonates Complicated neonates

EPO CON EPO CON

No. of patients 9 7 16 12
Birth weight (g) 1247 + 126 1217 + 145 1169 + 249 1173 £ 215
Gestational age (wk) 208+ 1.5 209+ 1.5 28.1 £2.0 28.3+£2.0
Hematocrit 0.46 £ 0.01 0.48 £0.03 0.45 £ 0.05 0.48 £0.08
Reticulocyte count 0.11 £0.07 0.12£0.04 0.11 £0.04 0.11 £0.06
Ferritin (ug/L) 2224243 206 £ 113 212 £ 137 248 + 128
Serum EPO (U/L) 14.6 £ 16 10.5 £ 10 16.5 + 22 12159

* Values are expressed as mean + SD.

Tab]c 2. Chwaclwlsnu of infants at end of EPO treatment*

Uncomplicated nconates Compllc.md nconates

EPO CON EPO CON
No. of patients 9 7 16 12
Hematocrit 0.29 + 0.03 0.27 £ 0.05 0.31 £0.06 0.28 +£0.09
Hb (g/L) 91 £ 10 86 £ 15 99 + 21 89 + 26
Reticulocyte count 0.076 = 0.016 0.054 = 0.036 0.043 = 0.026 0.025 £ 0.017
Leukocytes (X 10%/L) 9.4+£0.3 11.6 £2.6 12.3 £6.1 10.6 £ 49
Platelets (X 10°/L) 419 £ 155 334+ 85.6 257 £ 186 259 + 120
Serum EPO (U/L) 11.3+14.3 5.13+£52 11118 8969
Weight (g) 1685 £ 167 1806 = 172 1379 + 354 1399 + 308
~ TPN() 11.0x6.2 9.4+49 31.5 %187 359+ 113
* Values are expressed as mean = SD. TPN, total parenteral nutrition.
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In the EPO groups, levels were slightly elevated during the study
compared with control groups, but the differcnces were not
significant. An increase was observed in the EPO uncomplicated
group at the 2nd wk and at the 2nd and 3rd wk in the EPO
complicated groups. After 6 wk of therapy, the mean EPO value
was 11 U/L in EPO A, 5 U/L in CON A, 11 U/L in EPO B,
and 9 U/L in CON B groups (Table 2). Subscquently, at 3 and
6 mo there were no significant differences in EPO levels between
treated and control infants, indicating that treatment with r-
HuEPO had no effect on subsequent EPO production. In four
infants from the EPO complicated group, we observed very high
values (150-300 U/L); in two of those infants, the high valucs
were associated with exchange transfusions that were performed
for sepsis.

DISCUSSION

In healthy, premature neonates, red blood cell transfusions arce
usually administered between the 3rd wk of life and hospital

discharge to treat the hyporegenerative .normocytic normo-
chromic AOP (23). It has been suggested that AOP is caused by
selective deficiency of EPO. The hypothesis that AOP is the
result of defective response of erythroid progenitors to EPO plus
deficient generation of multiple erythropoietic factors was ex-
cluded by studies of Shannon ¢1 al. (8) and Rhondeau ¢r al. (9).
They found normal responsiveness to EPO of burst-forming
units—erythroid and colony-forming units-erythroid from very-
low-birth-weight infants; also, the biologic activitics of other
factors responsible for early erythroid production, IL-3 and gran-
ulocyte-macrophage colony-stimulating factor, were not reduced
in infants with AOP (24).

In our study, the favorable effect of EPO on erythropoiesis is
apparent from the early significant increase in the reticulocyte
count in both EPO groups (complicated and uncomplicated)
compared with the control groups, but the need for transfusions
was reduced only in uncomplicated EPO neonates. The levels of
reticulocytes in the uncomplicated CON group were higher spon-
tancously than in the EPO complicated group. This finding most
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Table 3. Blood balance data during EPO treatment*

Uncomplicated nconates

Complicated nconates

EPO CON EPO CON
No. of patients 9 7 16 12
Phlcbotomies (mL) 20.7+ 34 21,1 £ 3.2 66.3 £ 18.3 64.4 £ 18.5
Transfusions (mL) 5.5+ 1.1t 264 = 15.1 83.3 £ 35 84.75 £ 45.1
* Values are expressed as mean + SD.
t p <0.01 vs uncomplicated CON nconates.

450 curve of the complicated control group, because such a high

. —o—EPO limit will dcprcsg erythropoiesis even in adul}s._ )
400 7 & control Ohls and Christensen (13), like us, administered EPO in a
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likely was caused by the increased number of transfusions and
possible infections that inhibited erythropoiesis in the compli-
cated group. In complicated EPO neconates with respiratory
problems, the end result of increased need for transfusions was
related to altered indication for transfusion. In these nconates, it
is customary to maintain hematocrit levels higher than 0.40 (6).
They also have large phlebotomy needs, which might limit or
obscure their response to EPO (10). Shannon ¢f al. (12), in a
placebo-controlled study with mean age at entry 22 d, adminis-
tered r-HUEPO to 20 small, premature infants who were highly
likely to require erythrocyte transfusions for AOP. They, despite
the observed reticulocytosts did not find reduced need for trans-
fusions. The heterogenceity of patients in their study is a possible
explanation for this finding. However, our study was designed to
give EPO in a preventive rather than therapeutic mode. The
transfusion limit of hematocrit 0.40 explains the low reticulocyte

should be treated with EPO until after weaning from ventilation
and improvement of clinical condition (25).

The HDbF values can be explained by the number of transfu-
sions, but the increase of HbF after a fall of the initial values and
the significantly higher HbF values in the EPO complicated
group versus the CON B group could be due to the effect of EPO
in the pattern of synthesized Hb (26). This observation should
be elucidated by further studics.

Another sign indicative of the hemopoictic effect of r-HUEPO
is the gradual decline in serum ferritin levels in EPO groups
compared with the CON groups that reflects the rapid mobili-
zation of iron stores. Our results are in agreement with the results
reported by Halperin ¢ al. (11). We did not carry out any studies
of iron balance because we tried to minimize blood sampling,.
Although serum ferritin levels were lower in the EPO-compli-
cated group compared with the control, a gradual increase of
ferritin in both EPO and CON complicated groups that was due
to the high incidence of transfusion was observed.

Regarding the scrum EPO levels, there was no significant
increase in serum EPO in the treated groups compared with the
control infants not receiving the medication. There arc two
reasons for the lack of such an increase in serum EPO levels.
First, in premature infants, low endogenous production of eryth-
ropoietin relative to the degree of anemia has been documented
(27, 28), and serum EPO levels arc lower in the first 2 mo than
at any other time in life (29). Premature infants are similar to
chronic renal failure patients in that they have a limited capacity
to raise their EPO production sufficiently to compensate for their
anemia (30). Second, according to pharmacokinetic studies of
EPO in children and adults with renal failure, an association
between the timing and the route of administration (i.v. or s.c.)
and serum EPO levels appears to exist, inasmuch as s.c. delivery
resulted in serum values that peaked at 10 h and thereafter
declined slowly with a t, of 21.1 £ 4.5 h (31, 32). In our study,
there was an interval of about 72 h between EPO administration
and blood sampling.

Erythropoictin in a dosage of 300 U/kg/wk had no adversc
effects on leukocytes and thrombocytes. This observation is
valuable, especially in uncomplicated nconates, because the
course of these neonates was not associated with any problems
that can influence leukocytes and platelets. Ohls and Christensen
(13) could not clarify the mechanism responsible for neutropenia
that was observed after r-HUEPO with studies in bone marrow
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aspiration. The marked increase in crythropoicsis was not asso-
ciated with depletion of either neutrophil reserves or granulocyte-
macrophage colony-forming unit concentrations.

In summary, we assessed the possibility of prevention of AOP
by early administration of r-HuEpo in a controlled trial. It scems
that carly administration of r-HuEpo prevents AOP in uncom-
plicated neonates. Because we cannot differentiate from birth
which premature neonates would have problems, in our opinion,
all small, premature nconates should be given r-HUEPO as a part
of their standard treatment. This speculation requires further
support from larger controlled studics.
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