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Abstract
The need for red celi transfusions is
reduced but not eliminated by recombi-
nant human erythropoietin (rhEPO) in
very low birthweight (VLBW) infants. To
detect factors associated with the decision
to transfuse VLBW infants during rhEPO
treatment and to explain rhEPO 'non-
responders', the subgroup of those 120
VLBW infnts who were treated with
rhEPO 750 IU/kg per week in the second
European Multicentre rhEPO Trial was
evaluated. Sixty (50°/) infants received at
least one transfusion during erythropoietin
treatment. Transfusion was frequent in
infants with extremely low birthweight
(79%/o for 750-999 g), low gestational age
(70%/o for s-28 weeks), low initial haema-
tocrit or low initial reticulocyte count (61%
for haematocrit s,0-48 and reticulocytes
<9°'/o, respectively). Considerable differ-
ences among centres were found for
sampling blood loss, iron supply, and
transfusion rate, which ranged from 13% to
73% and was related to the volume ofdiag-
nostic blood loss (19% vs 80% for blood loss
<1 vs :1 ml/kg per day). The prognostic
variables birthweight, initial haematocrit,
and gestational age were found to be most
predictive for transfusion.
To improve rhEPO response in VLBW

infants, there is a need to minimise diag-
nostic blood loss, to prevent iron defi-
ciency, and to develop rational criteria for
transfusion in preterm infants.
(Arch Dis Child 1996; 74: F182-F186)
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Although very low birthweight (VLBW)
infants receive frequent transfusions for the
anaemias ofprematurity, there are no generally
accepted transfusion guidelines available and
the transfusion practices vary considerably.' 2
In 1990 Brown et al investigated predictors of
the perceived need for transfusion in preterm
infants to identify babies who might benefit
from recombinant human erythropoietin
(rhEPO).3 Recently, rhEPO, 300-1400 IU/kg
bodyweight a week, has been shown to be
effective and safe in preterm infants, and to
reduce their need for red blood cell trans-
fusions.4'2 However, rhEPO treatment did
not obviate the need for transfusion in all
infants. Analysis of 'non-responders' may help
to optimise rhEPO treatment in preterm
infants.

Findings on efficacy and safety of the second
European Multicentre rhEPO Trial have been
published recently.7 We now report a sub-
group evaluation of the rhEPO treated infants.
The purpose of this additional analysis was to
detect prognostic and concomitant factors
associated with the decision to transfuse red
blood cells during rhEPO treatment, and to
assess the impact of centre-specific variations
in management and individual problems in
'non-responders'.

Methods
We evaluated those 120 VLBW infants who
were treated with rhEPO (750 IU/kg a week)
during their first six weeks of life in the second
European Multicentre rhEPO Trial.7 Fifty
(42%) were girls. Birthweight was 750-999 g
in 34, 1000-1249 g in 43, and 1250-1499 g in
43 infants. Thirty three infants did not com-
plete the protocol due to predefined criteria.

Guidelines for red cell transfusions were
derived from the experience of the participat-
ing neonatologists: ventilated infants and
those aged under 2 weeks with signs of
anaemia were transfused when the haematocrit
was <0 40 and/or haemoglobin concentration
was <140 g/l, and/or more than 9 ml/kg blood
were sampled since birth or the previous trans-
fusion. In spontaneously breathing infants with
FI02 <0 4 and older than 2 weeks, cutoff
values were haematocrit 0-32 and haemoglobin
110 g/l with, and 0-27 and 90 g/l, respectively,
without signs of anaemia. Within these guide-
lines, decisions on timing and volume of
transfusion were made by the neonatologists
in clinical charge, blind to the infant's group
assignment. Diagnostic blood loss was
recorded meticulously. Treatment failure was
defined as transfusion or venous haematocrit
<0-32 during rhEPO treatment.

Oral iron supplement, 2 mg a day, was
recommended to start on day 14 of life and to
be adjusted according to serum ferritin concen-
tration, provided oral feeding was tolerated.

Haematocrit in venous blood and blood
packs was measured by centrifugation. Reti-
culocyte count was 'normalised' to a haema-
tocrit of 0 45 by multiplying the count by the
actual haematocrit and dividing by 0 45.
Erythropoietin antibodies were sought using
an enzyme-linked immunosorbent assay
(ELISA). 13

STATISTICAL ANALYSIS
The odds ratio for transfusion need compared
with no transfusion was calculated for various
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Table 1 Median (quartile) blood loss, transfusion rate andfailure (= transfusion or
haematocrit <0 32) rate in rhEPO treated VLBW infants

Iron supply Infants
Infants Blood loss (mg/kg/ transfused Transfusions Failure rate

Centre treated (n=) (ml/lkg/day) 6 weeks) (n (V.)) (n=) (n (%))

1 22 1-27 (0-68; 1-81) 36 (30; 41) 16 (73) 33 16 (73)
2 20 1-10 (0-65; 1-44) 53 (39; 61) 12 (60) 21 13 (65)
3 15 0-57 (0 50; 1-66) 49 (23;56) 2 (13) 2 5 (33)
4 11 1-37 (0-75; 3-75) 72 (61; 76) 6 (55) 8 7 (64)
5 11 1-15 (0 53; 1-81) 28 (18; 39) 6 (55) 13 9 (82)
6 10 1-02 (0-31; 1-38) 17 (16; 20) 7 (70) 10 9 (90)
7 8 1-83 (0-99; 2-81) 51 (14; 61) 4 (50) 4 4 (50)
8 6 044 (0-36; 0-51) 57 (45; 59) 1 (17) 1 4 (67)
9 5 1-18 (0-88; 5-16) 73 (60; 103) 2 (40) 4 3 (60)
10 5 0-64 (0 57; 1-20) 45 (44; 63) 1 (20) 1 1 (20)
11 5 0 40 (0-35; 0-56) 52 (52; 65) 2 (40) 2 5 (100)
12 2 2-15; 3-80 0; 177 1 (50) 4 1 (50)

categorised factors. Exact P values were
computed for testing that the odds ratio for
(stratified) 2X 2 contingency tables was 1.
Homogeneity of the odds ratios across the
centres was analysed by Zelen's exact test.
Multivariate Cox's proportional hazard
method (forward selection procedure) was
used to evaluate the impact of several factors
on transfusion free time. The factor blood loss
was obtained by calculating the total blood loss
from birth to the first transfusion, divided by
birthweight and the corresponding number of
days. In case of no transfusion, time from birth
to the end of study was taken. The Mann-
Whitney U test was used to compare the trans-
fused and untransfused groups with regard to
continuous variables. All P values are two
tailed and considered significant, if P<0 05.
Statistical analyses were carried out using
the Statistical Analysis System (SAS
Institute, Cary, North Carolina, USA) and the
Statistical Software for Exact Nonparametric

Table 2 No (%) of infants with blood transfusions for various categorised prognostic or
time dependent factors and corresponding odds ratios with and without adjustmentfor
centre effects (univariate analysis)

Infants Infants Odds ratio Odds ratio
evaluable transfused unadjusted centre adjusted

Factor Stratum (n=) (n (%o)) P value* P valuet

Blood loss ¢1 0 61 49 (80 3) 17-45 38-07
(ml/kg/day) P<0-001 P<0 001

<10 58 11(19-0)
Birthweight (g) 750-999 34 27 (79-4) 11-22 32-43

P<0.001 P<0.001
1000-1249 43 22 (51-2) 3 05 5 05

P=0-026 P=0 005
1250-1499 43 11 (25 6)

Gestational age 628 47 33 (70 2) 4-02 4-68
(weeks) P<0 001 P=0 001

>28 73 27 (300)
Initial haematocrit 60-48 66 40 (60 6) 2-62 2-72

P=0-017 P=0-026
>0 48 54 20 (37 0)

Initial reticulocyte 69 67 41 (61-2) 2-73 2-18
count (%) P=0-017 P=0-139

>9 41 15 (36 6)
Ventilation Yes 58 35 (60 3) 2-35 3-02

P=0-028 P=0-022
No 61 24 (39 3)

Initial serum protein s45 44 29 (65 9) 2-47 2-00
(g/l) P=0-032 P=0-157

>45 66 29 (43 9)
Iron supplementation 650 52 29 (55 8) 1.09 0-46

(mglkg/6 weeks) P=1 0 P=0 305
>50 41 22 (537)

Initial serum ferritin <150 56 30 (53 6) 0 93 0-89
(,ug/l) P=1*0 P=0-971

a150 47 26 (55 3)

*Exact P value for testing that the odds ratio is 1 for 2x2 tables.
tExact P value for testing that the odds ratio is 1 for 2x2 tables stratified by centre.
Homogeneity of odds ratios across centres was not rejected by Zelen's exact test (P>0 1) for any
of the analysed factors with the exception of initial reticulocyte count.

Inference (Cytel Software Corp, Cambridge,
MA, USA).

Results
CENTRE EFFECTS
Sixty (50%) of the 120 rhEPO treated infants
received at least one transfusion during the
treatment period. Diagnostic blood loss, oral
iron supplementation, transfusion rate, and
failure rate in the participating centres are
shown in table 1. Five centres contributed 5%
or less of the total number of 120 infants each,
which gives a wide variability in transfusion
rate and may make interpretation difficult.
Considering the three large centres only, which
contributed more than 10% of the infants
each, the transfusion rates ranged from 13% to
73% representing the lowest and the highest
transfusion rates among all 12 participating
centres. In four of five centres with a transfu-
sion rate below 50%, transfused infants
received one transfusion only, whereas in six of
seven centres with a transfusion rate ¢'50/o
infants were transfused more than once. Thus
a high transfusion rate per centre predicted a
high transfusion rate per infant (table 1).

INDIVIDUAL FACTORS
Median (quartiles) birthweight was 1260 g
(1135-1378 g) in untransfused and 1040 g
(920-1211 g) in transfused infants (P<0 001).
Transfusion rates were inversely related to the
infants' birthweight and gestational age (table
2). Sampling loss (median; quartiles) was
lower (P<0 001) in untransfused (0 54 mi/kg a
day; 0A43-088 mi/kg a day) than in transfused
infants (1-48 mi/kg per day; 1*10-2 13 mi/kg a
day). Transfusion need was significantly lower
in infants with a blood loss <1 ml/kg a day
compared with those losing - 1 mi/kg a day
(table 2). Considering the centre effect, the
impact of sampling blood loss and birthweight
on transfusion need was even more pro-
nounced (table 2). Twenty eight infants had
been transfused before entry to the study
(before day three of life). Twenty one (75%) of
these received additional transfusion during
the study. Of the 92 infants without a trans-
fusion before study entry, 39 (42%) were
transfused during rhEPO treatment. Of the 60
infants without any transfusion during the
study, seven (12%) had been transfused before
entry; of the 60 infants transfused during treat-
ment, 21 (35%) had been transfused before
entering the study.

CONCOMITANT DISEASES AND TREATMENT
Twenty four (41%) transfused and 37 (62%)
untransfused infants were not ventilated.
Thirty five (60%) ventilated and 24 (39%)
non-ventilated infants received blood trans-
fusions. Of the 28 infants ventilated for four
days or longer, 78% were transfused. Ten of
the 14 infants reported to have severe infec-
tions (septicaemia, meningitis, septic arthritis)
were transfused. Ninety five infants received
theophylline and/or caffeine. In this group
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transfusion rate was 56% compared with 28%
in the group of infants not treated with theo-
phylline or caffeine (P=0 01 3).

HAEMATOLOGICAL FACTORS
In infants with initial reticulocyte counts -9%,
transfusion need was higher (61% vs 37%)
than in the complementary subgroup (table 2).
Similarly, the transfusion need was 37% vs
61% in infants with initial haematocrits >0-48
and -0-48, respectively. Median decrease in
corrected reticulocyte count from baseline to
final visit was -3/4% in the group without
transfusion and -05% in the transfused
group. However, final values were almost
identical. After three weeks of life, the fall in
haematocrit was more pronounced in untrans-
fused infants. Transfusion need was lower in
infants with total serum protein concentration
>45 g/l than in those with initial values ',45 g/l
(44% vs 66%). Serum protein concentrations
remained lower in transfused than in untrans-
fused rhEPO treated infants throughout the
study period. At an age of 6 weeks, screening
for erythropoietin antibodies was uniformly
negative.

IRON SUPPLEMENTATION
Cumulative iron supplementation (median and
quartiles) was 46-4 mg/kg (32.7-59.2 mg/kg)
in the untransfused group and 39-2 mg/kg
(21 6-58-7 mg/kg) in the transfused infants,
which did not differ significantly. The percent-
age of transfused infants was not different for
the groups with initial ferritin values below and
above 150 pug/l or with iron supplementation
below and above 50 mg/kg bodyweight (table
2). Serum ferritin concentrations decreased
faster in untransfused than in transfused
infants.

PROGNOSTIC MODELS
The multivariate analysis of the correlation
between the transfusion free time and the
covariates revealed that the retrospective
model with blood loss, birthweight, and initial
haematocrit was most explanatory for blood
transfusions in rhEPO treated VLBW infants
(table 3, model I). If only prognostic factors
obtainable at the start of the study were con-
sidered, the model with birthweight, initial

Table 3 Multivariate Cox's proportional hazard model showing effect of various
independent covariates on time to first transfusion

Regression Relative 95% Confidence P
Covariate coefficient riskt interval value*

Model I (prognostic and concomitant factors, assessed on day 42)
Blood loss [ml/kg/day] 1-021 2-777 2-077; 3-713 0-0001
Birthweight [100 g] -0-191 0-826 0-712; 0-958 0-0117
Baseline haematocrit [/] -0-046 0 955 0-914; 0 999 0.0449

Model II (prognostic factors only, assessed on day 3)
Birthweight [100 g] -0-256 0 774 0-652; 0-919 0 0035
Initial haematocrit [%] -0-048 0 953 0-911; 0 997 0-0362
Gestational age [weeks] -0-171 0-843 0-715;0994 0-0427

j-Covariate adjusted relative risk=exp (regression coefficient).
*Obtained from Wald's x2 test with 1 degree of freedom.
Note that a relative risk greater than 1 indicates an increased risk towards the need for
transfusion with increasing values of the covariate, whereas a relative risk below 1 indicates an
increasing risk with decreasing values.

haematocrit, and gestational age was most pre-
dictive for transfusion need (table 3, model II).
Predictably, higher birthweight, gestational
age, and initial haematocrit prolonged the
transfusion free time and reduced transfusion
need.

Discussion
The causes of anaemia and need for trans-
fusion in preterm infants include:
(1) the initial endowment with blood in the
infant at birth reflected by the initial red cell
mass;
(2) the magnitude of blood losses, related to
severity and duration of intensive care;
(3) erythropoietic failure after preterm deliv-
ery.
These variables may be influenced by

placental transfusion, easier in vaginal delivery
than in Cesarean section, by centre-specific
variations in phlebotomy and in transfusion
volume administered, and by individual
factors.
There are two phases of transfusion need

after preterm delivery: (1) replacement of
losses during intensive care and (2) transfusion
for refractory anaemia resulting from erythro-
poietic failure and amenable by the use of
rhEPO with appropriate iron and nutritional
supplementation. In all but onel0 previous
report, the potency of rhEPO in reducing
transfusion need during the first phase has
been quite insufficient. When attempts have
been made to use rhEPO as an alternative to
transfusion for the second phase, where the
objective is to prevent or perhaps correct the
refractory anaemia of prematurity, variably
successful results have been reported.il2 1420
This reflects not only different study designs
but also centre and patient specific differences.
Our findings highlight the great heterogeneity
of clinical features and management in the
participating centres, and underline the
tremendous importance of the infant's birth-
weight or gestation, and the impact of diagnos-
tic blood loss on the need for transfusions.
Our transfusion criteria were less strict than

in some other trials 9-11 and this may have
influenced our transfusion rate. Although all
participants adhered to the transfusion guide-
lines, the transfusion rate varied considerably
among the centres. This may be explained by
the fact that the neonatologist assessed clinical
signs of anaemia such as distended abdomen,
apnoeic spells, and failure to thrive, which are
all 'weak' diagnostic criteria and depend on the
physician's experience. In some centres treat-
ment failure (defined as transfusion or haema-
tocrit <032) resulted from transfusion only,
but never from a low haematocrit. In these
centres infants were evidently transfused
because of 'clinical' signs of anaemia or
because of high sampling blood loss without
having noticeably lowered haematocrit. Unfor-
tunately, measurement of red cell mass and
'available oxygen' are not widely available in
preterm infants. The lack of a transfusion
'target' in neonatal management is a very seri-
ous problem because if insufficient red cells are
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given, oxygen transport remains impaired with
a possibly major negative impact on lung func-
tion and need for intensive support.2'

Disease severity after preterm delivery is
related to the cumulated diagnostic blood loss.
This is strongly influenced by intercentre varia-
tion ofphlebotomy practice and, in turn, influ-
ences perceived transfusion need."1 22 The
variation in sampling loss among the centres
may reflect differences in frequency of moni-
toring tests and availability of micromethods,
as well as patients' acuity of illness. Infants
who were transfused before study entry -
before day 3 of life, had a higher risk to be
transfused during the treatment period. Some
of them may have sustained perinatal haemor-
rhages, some probably were just sicker than the
untransfused infants. This is confirmed by the
observation that infants needing a transfusion
had a longer time on the ventilator and that
most infants with nosocomial infection were
transfused.

Holland et al found lower initial haemo-
globin concentrations in symptomatic preterm
babies than in asymptomatic infants.23
Kinmond et al reported that allowing a placen-
tal transfusion improves postnatal lung adapta-
tion, reduces the severity of respiratory distress,
and reduces transfusion need during the first
weeks of life.24 This seems to be confirmed by
our finding that a high initial haematocrit
predicted a better rhEPO response.
The rhEPO response may also be influenced

by the remaining endogenous erythropoietin
production. Infants who needed a transfusion
during rhEPO treatment had lower reticulocyte
counts at the start and during the first three
weeks of the treatment, possibly indicating
suppressed endogenous erythropoiesis by trans-
fusion.25 In adults theophylline attenuates
endogenous erythropoietin production in health
and after renal transplantation,26 which effect
could not be confirmed in preterm infants.27 In
our study the transfusion rate was significantly
higher in infants treated with theophylline or
caffeine. As apnoeic spells may cause repeated
blood gas analyses, treatment with theophylline
or caffeine, and red cell transfusion, our data do
not indicate whether these drugs may influence
endogenous erythropoietin production and
limit the rhEPO response.

Nutrition, including the adequacy of iron
and protein supply, also influences the ade-
quacy of erythropoiesis in response to rhEPO.
Protein deficiency impairs erythropoiesis.28 29
Bechensteen et al were able to reduce the trans-
fusion need in preterm infants with rhEPO and
high additional protein intake.4 In our trial
serum protein concentrations were higher
during the entire study period in untransfused
infants than in the transfused group. This find-
ing may indicate that the protein intake in
infants requiring transfusion was too low for
adequate erythropoiesis with rhEPO or that
low protein concentrations reflect severe ill-
ness. Nutritional adequacy may have varied
considerably among patients in different
centres. Presumably the transfused packs of
red cells did not contain enough plasma pro-
tein to augment body protein stores.

Decreasing serum iron and ferritin concen-
trations4 6-9 11 12 16 indicate mobilisation of
iron by stimulated erythropoiesis. On the other
hand, erythropoiesis requires enough iron to
be incorporated in red cells.30 Therefore, iron
supplementation can enhance or limit the
effect of rhEPO. Serum ferritin concentrations
fell in infants with and without transfusion.
This decrease was less pronounced in trans-
fused infants, reflecting parenteral iron intake
with transfused red cells. The drop in ferritin
concentration in the group without transfusion
suggests that oral iron intake was too low
during rhEPO-stimulated erythropoiesis.
Brown et al 3 reported that the best predictor

of late transfusion, after 2 weeks of age, in
infants not treated with rhEPO was gestational
age below 30 weeks. We found birthweight to
be the predominant predictor of the need for
transfusion during rhEPO treatment. The
smallest and sickest infants may loose all their
blood to the laboratory within six weeks22 and
the impact of diagnostic sampling increases
with decreasing birthweight.

In summary, the need for transfusion in
rhEPO treated infants depends on the infants'
birthweight, gestational age, initial haema-
tocrit, and centre specific factors such as cumu-
lative blood loss and supplementation with iron
and protein. We conclude that to improve
rhEPO treatment in very low birthweight
infants diagnostic losses must be minimised by
strict indication and by micromethods, for pre-
venting iron and protein deficiency, and for
objective guidelines on when and how much to
transfuse.

Appendix:
FACILITIES AND COWORKERS IN THE SECOND
EUROPEAN rhEPO MULTICENTRE TRIAL
Participating centres (listed in order of the num-
ber of infants enrolled into the trial):

Virchow-Klinikum, Humboldt-Universitiit
Berlin, Germany (Rolf F Maier, Michael
Obladen, Klaus Abraham, Christoph Biihrer,
Cornelia Domeyer)

Universitat Heidelberg, Germany (Otwin
Linderkamp, Johannes Poschl)

Universitait Zurich, Switzerland (Gabriel
Duc, Peter Baeckert, AnneM Bucher, Hans U
Bucher)

Olgahospital Stuttgart, Germany (Gertrud
Hieronimi, Martin Wagner, Martin Kroll,
Helmut Gulde)

Royal Maternity Hospital, Belfast, Northern
Ireland (Henry L Halliday, Mary G O'Connor,
Frank A Casey, B Garth McClure)

Universitatsklinikum Steglitz, Freie Uni-
versitat Berlin, Germany (Hans T Versmold,
Marius Bartsch)

Centre hospitalier universitaire Cochin
Port-Royal, Paris, France (Guy Moriette,
Catherine Clamadieu, Michele Monset-
Couchard, Philippe Mussat)

Universitat Muinster, Germany (Gerhard
Jorch, Heike Rabe, Erik Michel, Susanne
Lindner). Universite Catholique de Louvain,
Bruxelles, Belgium (Gaston Verellen, Ch
Debauche, D Moulin, S Clement)
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University Hospital Nijmegen, the
Netherlands (Ben A Semmekrot, Louis A A
Kollee). Charite, Humboldt Universitat, Berlin,
Germany (E Ludwig Grauel, Heidrun Weigel,
Steffi Ledwon)
Queen Mother's Hospital, University of

Glasgow, Scotland (Barbara M Holland,
Graham Stewart).
Steering Committee: Michael Obladen, Rolf F
Maier (Klinikum Rudolf Virchow, Freie
Universitat Berlin, Germany), and Paul Scigalla
(Boehringer Mannheim, Germany).
Consultant in haematology: University of Wales,
Cardiff, Wales (Charles A J Wardrop).
Consultant in statistics: Boehringer Mannheim,
Gerrnany (Diethelm Messinger).
Data management and evaluation: AFB Comstat,
Berlin, Germany (Werner Wierich, Johann
Bruning, Richard Vonk).
This study was supported by Deutsche Forschungsgemeinschaft
(SFB 174/A9) and by Boehringer Mannheim, Germany.
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