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esis in both the fetus and the newborn infant, responds
primarily to hypoxic stimuli. While the postnatal increase
in oxygenation results in a decrease in its production leading
to diminished erythropoiesis and a decline in haemoglobin
concentration,' the circulating concentrations of erythropoi-
etin in premature infants seem disproportionately low relative
to the degree of anaemia.”* This normochromic, normocytic
anaemia, referred to as anaemia of prematurity, is character-
ised by an inability to increase erythropoietin production even
in the face of symptoms of impaired oxygen delivery.*
Although numerous trials have shown that exogenous
recombinant human erythropoetin (rhEpo) is capable of
stimulating erythropoiesis, both in vitro and in vivo,”" the
impact on transfusion requirements has been variable.” *” In
addition to the implementation of strict transfusion guide-
lines, investigators have focused on optimising the timing and
dosing of rhEpo,” * '’ as well as the need for supplementation
with high doses of iron to prevent the appearance of
hypochromic red blood cells and decreases in ferritin levels.”
However, previous work has shown that in the setting of defi-
cient perinatal red cell antioxidant mechanisms, valent iron
can act as a catalyst in the autooxidation of unsaturated fatty
acids, which are essential components of red blood cell mem-
branes, and contribute to anaemia by increasing haemolysis."
Haemolysis resulting from therapeutic doses of iron is of
particular concern in the setting of deficiency of vitamin E,
which acts as cellular oxidant to prevent lipid peroxidation of
the red blood cell membrane. Newborn infants have low
circulating concentrations of vitamin E owing to placental
impermeability,” transient lipoproten deficiency at birth,"” and
decreased absorption from the preterm intestine, especially in
the presence of iron." Although conflicting results exist," pre-
vious data have shown that daily supplementation with vita-
min E, beginning at 10 days of age in preterm infants, results
in significantly higher haemoglobin concentrations at 8-10
weeks.'* Whether this effect is owing to the role of vitamin E
as an antioxidant or as an erythropoietic factor, as has been
shown in animals and humans under select conditions, is
unknown."”
In this pilot study, we hypothesised that vitamin E supple-
mentation in premature infants treated with rhEpo and iron

E rythropoietin, the primary growth factor for erythropoi-
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requirement for transfusion in premature infants treated with erythropoietin and iron.

Methods: Randomised, double blind, placebo controlled trial. Thirty infants <32 weeks gestation and
<1250 g birth weight, who were defined as stable based on minimal requirements for respiratory sup-
port and phlebotomy, and absence of major congenital anomalies were enrolled. All were treated with
erythropoietin and iron, and were randomised fo receive, in addition, either vitamin E 50 IU/day or
placebo for eight weeks or until discharge, whichever came first.

Results: Despite higher vitamin E (a-tocopherol) levels in the experimental group in weeks 3 (49.0 v
28.1 pmol/l) and 8 (66.2 v 38.5 pmol/l), there were no differences in haemoglobin, reticulocyte
count, iron concentration, or transfusion requirement.

Conclusions: Oral vitamin E supplementation at 50 IU/day does not increase the response of preterm
infants to erythropoietin and iron. Vitamin E obtained through standard nutrition may have been suffi-
cient or higher doses may be required.

would result in a reduced requirement for transfusions and in
higher haemoglobin concentrations.

MATERIALS AND METHODS

Patient population

Preterm infants were eligible for the study if they were born at
<32 weeks gestational age and weighed <1250 g at birth at
the Weiler Hospital of the Albert Einstein College of Medicine,
Jacobi Hospital, or North Central Bronx Hospital. Patients
were started on parenteral nutrition as soon after birth as
electrolytes were stable. A multivitamin preparation (MVI
Pediatric, Astra Pharmaceuticals) containing 1.4 mg
a-tocopherol acetate/ml was added to total parenteral
nutrition (TPN) solutions at doses of 1.5 and 3.25 ml/day to
infants weighing <1 kg and >1 kg, respectively. Babies were
deemed clinically stable based on phlebotomy losses <7.5
ml/week and on the requirement for minimal respiratory sup-
port defined as follows: (1) FiO, <0.35; (2) intermittent
mechanical ventilation <25 breaths/minute; and (3) mean
airway pressure <8 cm. Babies were excluded if they: (1) had
disease(s) involving any major organ system; (2) had life
threatening congenital malformations or sepsis; (3) had
isoimmunisation with clinically apparent haemolytic anae-
mia; (4) had other haemolytic disorders; (5) had grade III or
greater intraventricular haemorrhage; or (6) were clinically
unstable by the criteria noted above. Written informed
consent was obtained from parents of all infants prior to
enrolment of patients in the study. The study was approved by
the Institutional Review Board of the Albert Einstein College
of Medicine.

Study design

Subjects were enrolled in this randomised, double blind,
placebo controlled study through the selection from separate
packs of sealed envelopes, divided evenly between the placebo
and experimental groups in the pharmacy at each site by a
pharmacist not involved in the clinical care of the patients. The
investigators felt that a trial of 30 patients would be sufficient
for a pilot project to assess safety and possible efficacy. There
was no formal sample size calculation. All patients, once
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Table 1 Study patient characteristics
Experimental (n=15) Placebo (n=15)
Gestational age (wk)  27.9 (0.5) 27.9 (0.4)
Birth weight (g) 928 (44) 899 (41)
Ventilatory support 14.3 (3.8) 19.9 (3.8)
(days)
Age (days) at
initiation of:
Erythropoietin 14.6 (1.9) 14.3 (2.3)
Foeds 12.3 (2.5) 10.3 (1.7)
ol el 29.7 (3.7) 36.1 (5.4)
Fe 227 (2.8) 247 (2.9)
Study enrolment 24.4 (4.0) 28.1 (2.6)
(days)
Day 1 haemoglobin  145.0 (7.4) 145.0 (4.5)
(9/1)
Day 1 reficulocyte 181.2 (15.8) 234.1 (28.7)
count (x10%/1)
Phlebotomy losses (ml) 19.9 (2.0) 21.2 (1.¢)
Discharge weight (g) 2098 (71) 2082 (78)
Length of stay (days)  69.7 (6.2) 69.0 (6.0)
Data expressed as mean (SEM).

determined to be clinically stable as outlined in the previous
section, were treated with erythropoietin subcutaneously,
beginning with a dose of 100 units/kg/day given Monday to
Friday for a total of eight weeks or until discharge, whichever
came first. If after one week of treatment, the absolute reticu-
locyte count remained <200x107%1, the dose was increased to
200 units/kg/day. Once enteral feedings equalled or exceeded
40 ml/kg/day, supplementation with oral iron (Ferinsol) at a
dose of 6 mg/kg/day and 1.0 ml of a multivitamin preparation
containing 5 units/ml of vitamin E was initiated.

Vitamin E supplementation

In addition to achieving stability and being treated with
erythropoietin as outlined above, administration of vitamin E
or placebo was initiated only if enteral feeds had begun =48
hours prior to enrolment with a minimal total daily energy
intake from both intravenous nutrition and enteral feeds of 60
kcal (0.25 MJ) per kg per day, of which at least 50% was
derived from the latter. Beginning on the first study day,
patients in the experimental group received vitamin E 50
1U/day enterally, while subjects in the placebo group received
an identical volume of vehicle. Parents, investigators, and
clinical staff were all masked to the treatment status of the
infants during the study.

Laboratory and clinical monitoring

Clinical data were recorded prospectively and included
gestational age, birth weight, gender, age and weight at study
entry, daily weights, energy intake, phlebotomy losses, and
volume and number of erythrocyte transfusions both prior
and subsequent to study enrolment.

Haemoglobin, haematocrit, and differential white blood cell
count were measured in the clinical laboratory at baseline and
then weekly as was the routine for babies treated with eryth-
ropoietin. During weeks 2—8 of the study, vitamin E levels were
measured by high pressure liquid chromotography” and
serum iron by spectrophotometry using the FeroZine reagent
(Boehringer Mannheim, Indianapolis, IN)."”

Erythrocyte transfusions

The decision to administer erythrocyte transfusions was made
exclusively by the clinical staff based on criteria described
previously.® Briefly, infants were transfused for haematocrits
<0.35: (a) if they required =35% O, by headbox or 100% at
>1/4 I/min via nasal cannula; or (b) if they required continu-
ous positive airway pressure (CPAP) or mechanical ventilation
at a mean airway pressure of =6 cm H,O. Transfusions were
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Figure 1 Effects of vitamin E on serum vitamin E levels. Serum
levels of a-tocopherol (A) and ytocopherol (B) were measured over
time (weeks) and expressed as mean (SEM). *p < 0.05 versus
placebo.

administered for haematocrits <0.30 if subjects: (a) required
<35% O, by headbox or 100% at <1/4 1/min via nasal cannula;
(b) required CPAP or mechanical ventilation at a mean airway
pressure of <6 cm H,O; (c) had significant episodes of apnoea
and bradycardia (that is, >9 episodes/12 hours or =2 episodes
requiring positive pressure ventilation/24 hours) while receiv-
ing therapeutic doses of methylxanthines; (d) had heart rate
>180 beats/minute or respiratory rate >80 breaths/minute for
at least 24 hours; (e) had weight gain <10 g/day for at least
four days despite the administration of >100 kcal (0.4
MJ)/kg/day; or (f) were undergoing surgery. Transfusions were
administered at haematocrits <0.20 if patients were asympto-
matic but had reticulocytes <100x10°/1. Transfusions were not
administered to replace blood removed for laboratory tests
alone or for low haematocrit alone.

Statistical analysis

Data are expressed as mean (SE). Control and study patients
were compared using Student’s ¢ test; p values less than 0.05
were considered significant.

RESULTS

Patients in the experimental and placebo groups were
comparable in their clinical characteristics including birth
weight, gestational age, and postnatal age at the time of
initiation of enteral feeds, erythropoietin, and study enrol-
ment (table 1). Phlebotomy losses in the two groups did not
differ. There were no differences in the occurrence of compli-
cations in the two groups with five cases of sepsis in each
(experimental: three coagulase negative staphylococcus, two
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Figure 2 Effects of vitamin E on haematological measurements.
Haemoglobin concentrations (A), reticulocyte counts (B), and serum
iron concentrations (C) were measured over time (weeks) and
expressed as mean (SEM). *p < 0.05 versus placebo.

Candida; placebo: four coagulase negative staphylococcus, one
Klebsiella), one case of necrotising enterocolitis in the
experimental group, and one case of patent ductus arteriosus
requiring therapy in each group. There was no evidence of sig-
nificant cholestasis or malabsorption in either group (data not
shown). All infants in both groups survived.

Serial measurements of serum vitamin E levels revealed
significantly higher levels in the experimental group of the a
fraction (fig 1A) at study weeks 3 (p < 0.05) and 8 (p = 0.05)
and nearly significantly higher levels of the y-fraction at week
7 (p = 0.058; fig 1B). Cumulative vitamin E intakes were
(mean (SEM)) 476 (33) and 2417 (190) 1U for the placebo and
experimental groups, respectively, with no apparent correla-
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Table 2 Effects of vitamin E on transfusion
requirements

Experimental Placebo
Transfusions (no.)
Before 3.0(1.1) 4.1(0.9)
During 0.9 (0.3) 1.1 (0.4)
Volume transfused (ml)
BEfoS 35.3 (10.6) 46.0 (10.0)
During 15.5(5.5) 17.8 (6.1)

Data expressed as mean (SEM).

tion with circulating levels (data not shown). Examination of
haematological parameters revealed a slow decline in haemo-
globin (fig 2A) from baseline in both groups, with similar
concentrations in both groups other than at week 2, when
concentrations in the experimental group were higher (135 v
118 g/l; p < 0.05). Concurrent reticulocyte counts revealed
evidence of significant red blood cell production, with absolute
counts greater than 180x10°/1 and 200x10°/1 in the experimen-
tal and placebo groups, respectively, throughout the study
period (fig 2B) with no significant differences between groups.
Since prior studies have shown depletion of iron stores during
treatment with erythropoietin,” we examined serum iron lev-
els in the two groups. As fig 2C shows, there is an apparent
drop in serum iron levels followed by an increase after week 5
of the study. Again, there were no differences between the two
groups. Furthermore, comparison of the two groups showed
no significant differences between the white blood cell and
platelet counts, both of which were in the normal range (data
not shown).

Comparison of the requirement for red blood cell transfu-
sions showed similar needs in both groups both during the
approximately 3—4 weeks prior to study enrolment (“Before”)
and during the eight week study period (“During”) (table 2).
Results were essentially identical regardless of whether the
total number of transfusions (prestudy: vitamin E 3.00 (1.1),
placebo 4.1 (0.9), NS; during study: vitamin E 0.9 (0.3),
placebo 1.1 (0.4), NS) or the volume (ml) transfused
(prestudy: vitamin E 35.3 (10.6), placebo 46.0 (10.0), NS; dur-
ing study: vitamin E 15.5 (5.5), placebo 17.8 (6.1), NS) were
measured (table 2).

DISCUSSION

As treatment with erythropoietin can result in the rapid
depletion of iron stores associated with the production of
hypochromic, microcytic red blood cells,” administration of
high doses of iron is required, despite the potential production
of free radicals leading to oxidant membrane damage with
haemolysis. Since the occurrence of this latter effect is poten-
tiated in the setting of vitamin E deficiency relative to the
concentrations of polyunsaturated fatty acids,” ** we investi-
gated the effects of vitamin E supplementation on erythropoi-
esis in infants treated with erythropoietin and iron. Vitamin E
occurs as four major tocopherols, a, 3, y, and o, with the a form
being the most abundant and biologically active. Mean plasma
tocopherol, the principal form of vitamin E, at birth is 0.2-0.3
mg/dl (4.6-7.0 pmol/l) and increases to =0.5 mg/dl (11.6
pmol/l) by the end of the first week in infants well enough to
be fed vitamin E containing milk.” As a-tocopherol is the
critical antioxidant form of vitamin E, sufficiency may be
defined as total tocopherol levels of =0.8 mg/dl (18.6 pmol/l),
which will ensure levels of the o fraction that exceed 0.5 mg/dl
(11.6 pmol/1).** The susceptibility to oxidant injury is
heightened in the neonatal red blood cell membrane because
of the presence of high concentrations of oxidisable unsatu-
rated relative to saturated fatty acids.” Furthermore, a very
large percentage of fetuses and by extension, infants born
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prematurely at the time of birth, have levels of red blood cell
membrane associated a-tocopherol that are below the thresh-
old required to protect against oxidant mediated
haemolysis.* Since analysis of red blood cell fatty acid compo-
sition was beyond the scope of the above study as well as our
own, it is entirely possible that the established requirements
for vitamin E as well as the frequency of its deficiency repre-
sent underestimates.

In the present study, administration of supplemental
enteral vitamin E to infants treated with erythropoietin and
iron did not result in any significant differences in haemo-
globin, reticulocyte count, or the requirement for transfusions.
The Committee on Nutrition of the American Academy of
Pediatrics recommends that the diet of premature infants
should contain at least 1 IU vitamin E/g of linoleic acid, which
is approximately equal to 0.6 mg d-a-tocopherol/g of polyun-
saturated fatty acids. A premature infant on full enteral feeds
and multivitamin supplements, which provide a daily intake
of 51U of vitamin E, receives approximately 5-10 1U/kg/day of
this vitamin, while those on parenteral nutrition receive
somewhat less.” At the time of study enrolment, study
patients had already been receiving vitamin E through the
administration of approximately two weeks of exclusive TPN
and an additional two weeks of combined parenteral nutrition
and enteral feeds. Supplementation with 50 units/day of vita-
min E in the experimental group exceeded the doses of 15-25
units used in previous erythropoietin trials*”" in which
vitamin E supplements above those in feeds and multivita-
mins were administered as part of routine care to all patients.
Serial measurements revealed an apparent increase over time
in the experimental group in a-tocopherol levels, which were
significantly greater than the placebo group in the third and
eighth weeks of the study. However, during the entire study,
mean values for a-tocopherol levels in the placebo group
exceeded minimal levels for vitamin E sufficiency. Prior
supplementation through parenteral nutrition and feedings,
therefore, may have blunted potential differences between the
two groups. Alternatively, threshold levels for achieving
beneficial effects on the haematological parameters measured
may have been reached too late in the study. An additional
limitation of this study is the measurement of serum rather
than red blood cell associated a-tocopherol levels, which may
correlate better with in vivo antioxidant protection.” However,
previous investigators have shown a very strong correlation
between levels measured at these two sites.” Although our
results may suggest that higher doses of vitamin E are
required, caution is necessary in light of previous experience,
where prolonged elevations in serum vitamin E levels were
associated with an increased incidence of sepsis and necrotis-
ing enterocolitis in very low birth weight infants.” It is also
possible, given the relatively small size of the patient popula-
tion in this study, that subtle outcome differences may be
detectable in future trials with substantially larger enrol-
ments.

Consistent with previous studies,” subjects in the current
report received the bulk of transfusions relatively early in their
course when maximal phlebotomy losses occurred. Recently
proposed protocols have called for the initiation of intravenous
erythropoietin and iron dextran soon after birth,” when
patients may still be treated with high concentrations of oxy-
gen and/or mechanical ventilation, resulting in a high poten-
tial for oxidant mediated red blood cell destruction. This time
period, when patients have not yet accumulated adequate
stores of tocopherol from parenteral nutrition and feedings,
would be an optimal time for further trials of vitamin E sup-
plementation.
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