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Early administration of erythropoietin in 
extremely very low birth weight preterms
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Corresponding author:
Mihaela Demetrian, MD 
E-mail: mdemetrian@yahoo.com

ABSTRACT 
Objectives. The present study is tryng to ascertain if EPO can be administred ”early” (before 8 days of life) top revent 
or reduce the need for blood transfusions. As secondary objectives we aim to observe eficiency and safety when 
using early EPO with regards to reducing specific ELBW comorbidities.
Methodology. Prospective, randomised clinical study, that included 109 preterm babies with GA 30 wk, and BW   
1,250 g, born in our unit between January 2018 and June 2019. The treatment we used was early EPO within the first 
seven days of life, concomitent an oral iron supplement . According erythropoietin therapy, preterms were randomised 
in EPO group ( n – 40) and control group (n – 69). 
Results. During hospitalization, there were 51 blood transfusions in the two groups: 13 in the EPO group and 38 in 
the control group. As for blood transfusions mean, it was 1.1±0.7 for the EPO group (1-3) versus 1.5±1.2 (1-6) for the 
control group, p 0.25. There were statistically significant differences between the blood transfusions mean volume in 
the two groups 35.4±19.3 ml for the EPO group versus 53.5±23.8 ml for the control group, p 0.045. There were no 
significant differences in IVH incidence (> gr. 3) between the two groups. Fisher’s exact test showed that there was 
no influence of EPO on brain hemorrhage (X2 = 0.86, p = 0.38), intestinal tract (X2 = 2.89, p = 1.23), lung tissue (X2 = 
0.7, p = 1), or the incidence of retinopathy of prematurity (X2 = 0.42, p = 0.59).
Conclusions. In our study, the early initiation of erythropoietin (EPO) at less than eight days, reduced the need for 
transfusions by 0.5 transfusions/patient. The total volume (ml/kg/patient) of transfused blood was reduced by 18 ml. 
Although the results from the recent meta-analyzes showed a moderate quality of evidence that EPO reduces intra-
ventricular hemorrhage (IVH), periventricular leukomalacia (PVL) and NEC, the results of our study did not prove this.
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IntROduCtIOn and study puRpOses

PRBC transfusions continue to be an ongoing de-
bate subject amongst neonatologists. Controversies 
arise mostly about the timing or opportunity of trans-
fusion, aplying a liberal or more restrictive guidelines 
and short or long time effects. However, 80% of  
VLBW preterms will receive at least one blood trans-
fusion by the end of hospital stay because of frequent 
blood sampling or anemia of prematurity. Most trans-
fusions happen in the first three to four weeks of life. 
Old and stable preterms respond better to EPO and 
will receive few transfusions. ELBW preterms, that 
are sick and need blood transfusions shortly after 
birth, respond inconsistently to EPO. This suggests 
that EPO is a stronger erythropoietic stimulant in 
more mature preterms. ELBW preterms are more sus-
ceptible to transfusions even with EPO stimulated 

erythropoiesis (1). Furthermore, ELBW preterms 
have a smaller blood volume, and repeated blood 
sampling often require “early” transfusions, as oppo-
sed to “late” transfusions that are more characteristic 
to anemia of prematurity (2). Low serum erythropoie-
tin levels in premature babies offer a good motivation 
for the use of EPO to prevent or treat anemia. For a 
better documentation, we accessed the Cochrane Da-
tabase of Systematic Reviews, the keywords being 
early EPO administration in VLBW babies. Several 
study meta-analyses exist, the last one dating from 
2017 (3). This meta-analysis also studied the non-he-
matological effects of erythropoietin therapy and con-
cluded that early EPO administration reduces the 
number of transfusions, the volume of blood needed 
and multiple donor exposure. However, the differen-
ces between the EPO and the control group were mi-
nimal and with limited clinical importance. Mortality 
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and morbidity rates, including IVH and NEC, were 
not significantly modified by early EPO therapy. 

ObjeCtIves

The present study is trying to ascertain if EPO can be 
administred ”early” (before 8 days of life) to prevent or 
reduce the need for blood transfusions. Unlike late EPO 
treatment, there are better odds that the premature babies 
wouldn’t have received any transfusion before entering 
the study. As secondary objectives we aim to observe 
eficiency and safety when using early EPO with regards 
to reducing neurological injuries and feeding intoleran-
ce/NEC; also we aim to observe if early use can influen-
ce specific ELBW comorbidities (retinopathy of prema-
turity ROP, bronchopulmonary displasia BPD). 

MethOdOlOgy 

The present study included 109 preterm babies 
with GA ≤ 30 wk, and BW ≤ 1,250 g, born between 
January 2018 and June 2019 (18 months) in our unit. 
Depending on EPO administration, the patients were 
randomised in two groups: the EPO group and the 
control group. Inclusion criteria: GA ≤ 30 wk and BW 
≤ 1,250 g. Exclusion criteria: congenital malformati-
on/genetic syndromes, TORCH, severe birth as-
phyxia, IVH > grade 3, Rhesus hemolytic disease. For 
all preterms we employed strategies to minimise 
blood loss and reduce multiple donor exposure: dela-
yed cord clamping, minimising blood sampling, and 
good adherence to transfusion guidelines.The treat-
ment we used was ”early” EPO within the first seven 
days of life. (4). Treatment plan: Binocrit (Epoetin 
alfa) prefiled syringes, 1000 IU/ml; dosage 400 IU/
kg/dose, (3 times a wk), subcutaneous. The length of 
therapy was 6 weeks, every patients receiving aproxi-
mately 18 doses of EPO.

Oral iron supplements were initiated when enteral 
nutrition reached 75% of daily needs, or 60 ml/kg/
day. The preffered dosage: was 6 mg/kg/day, which 
could be increased up to 8-10 mg/kg/day when plas-
matic iron levels dropped below 60 mg/dl. 

We monitored weekly CBC and serum iron levels. 
We kept records of: blood amounts needed for labora-
tory tests, number of PRBC transfusions, the volume of 
blood transfused, the postnatal age (days) and the target 
value of hemoglobin and hematocrit for the first trans-
fusion. Also, we looked for potential nonerythropoietic 
effects of EPO therapy. The gut trophic and protector 
effect was evaluated by: onset of enteral nutrition, the 
amount of proteins/calories at 14 days, clinical aspects 
of NEC (Bell clasification grade > 2). The neuroprotec-
tion effect was evaluated by: cerebral lesions like IVH 
and PVL (4,5). All patients were included in the scree-

ning for retinopathy of prematurity (ROP) (6,7). The 
study was approved by the unit’s Board of Ethics and 
parents gave consent for EPO and/or blood transfusion. 
All the data were collected with Epi Info 7 and were 
processed in the Analysis segment.

Results

We included 116 preterms and collected data for 
109 of them: 40 have received EPO therapy in the first 
week of life, and 69 of them received only oral iron 
supplements. Gestational age varied between 23-30 
wk (27.4±1.8 EPO group vs 28.6±1.9 – control group), 
and BW between 550 and 1,300 grams (mean 969±186 
EPO group vs. 1,096±275 grams control group). 

The compared data between two groups are shown 
in table 1. The EPO group all needed mechanical ven-
tilation and developed more severe forms of RDS. 33 
preterms from the EPO group (75%) needed surfac-
tant therapy and from the control group only 30 
(42%), p = 0.001. Minimally invasive surfactant ad-
ministration (LISA/INSURE) was predominant in the 
control group (65% vs 18%). In the EPO group inva-
sive ventilation and increased MV period were more 
frequent: mean 13.1 vs 9.5 days, p = 0.21. The EPO 
group had more severe forms of RDS, more frequent 
hemodynamic instability, and required increased ino-
tropic support: 67.5% vs 27.5%, p = 0.0034. Although 
oxygen therapy length in the EPO group was higher 
(mean 36.3 vs 26.9 days), the incidence of BPD 
wasn’t significantly different between the two groups: 
12.5% (EPO) vs 14.3% (control), p = 0.77. There 
were no notable differences nutritional-wise: enteral 
nutrition onset happened generally in the first two 
days of life (1.6 vs 1.8 days) with a mean parenteral 
nutrition lengh of ten days, caloric intake was similar 
(135 cal/kg), but with a higher weight gain in the con-
trol group (114 vs. 93 grams) at 14 days of life, p = 0.05.

hemoglobin and hematocrit curves
We observed a more abrupt fall in hemoglobin and 

hematocrit in the control group beginning with week 
4 of life (~28 days) up to week 7, the values being 
equal at discharge. The same evolution was observed 
hematocrit – wise (6). A split-plot ANOVA showed 
that the difference between Hb1 and Hb10 dropped 
significantly in the control group vs the EPO group  
(F = 6.92, p = 0.01). Another test split plot ANOVA 
showed that the difference between Hct 10 (at dis-
charge) and Hct 1 (at birth) drop was significantly hi-
gher in the control group vs the EPO group (F= 9.64, 
p = 0.00) (see Fig.1, Fig. 2, Fig. 3, Fig. 4). The mean 
corpuscular volumes curves followed the same pat-
tern: high volume at birth (115-117 pg) that decreased 
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with postnatal age. There where no differences betwe-
en the evolution of MCV in the two groups, corres-
ponding with literature available data (8). 

Blood transfusions. During hospitalization, there 
were 51 blood transfusions in the two groups: 13 in 
the EPO group and 38 in the control group. The post-

FIGURE 1. Hemoglobin curves in two groups

FIGURE 2. Split-plot Anova – Hemoglobin variations in two groups

FIGURE 3. Hematocrit curves in two groups
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natal age when the first transfusion was given was 
approx 35 days with a variation of 1-88 days, and was 
not significantly different in the two groups (29,3±23,5 
EPO versus 37,1±19,7 days control group) p 0.25.

Because the same transfusion guideline was appli-
ed, there where no significant differences hematocrit 

and hemoglobin – wise: 8,2±2 versus 7,7±1,5 g/dl,  
p 0.18 and 27,3 versus 23,5±4,8%, p 0.73.

Red blood cell transfusions 

During the hospitalization, there were 51 transfu-
sions in the two groups: 13 in the EPO group and 38 

FIGURE 4. Split-plot Anova – Hematocrit variations 
in two groups

TABLE 1. Demographic and clinical characteristics of the two groups
Variables EPO group (n-40) Control group (n-69) P value
Gestational age (wk) 27±1.8 (23-30) 28±1.9 (24-30) 0.08
Birth weight (g) 969±43 (650-1,300) 1,096±27 (550-1,250) 0.05
Corticosteroids prophylaxis 65% (26) 59% (41) 0.58
C-section (%; n) 76% (30/40) 60% (40/71) 0.08
Preeclampsia (%; n) 13% (5) 39% (13) 0.11
Chorioamnionitis 12% (4) 10% (7) 0.4
Apgar score at 5 min 6.6±1.3 6.4±1 0.44

Mechanical ventilation 84.3% (59) 100% (40) 0.07
Non-invasive ventilation (SNIPPV*) 55.9% (33) 25% (10) 0.01
Surfactant 30 (75%) 30 (42%) 0.001
LISA/INSURE** 18% (5) 65% (19) 0.01
Mechanical ventilation length (days) 13.1±1.3 (2-39) 9.5±1.7 (2-70) 0.21
Oxygen therapy length (days) 36.3±4.8 (1-94) 26.9±4.3 (1-117) 0.06
Inotropes 67.5% (27) 27.5% (19) 0.0034
Persistent ductus arteriosus treated with Pedea 15% (6) 20% (14) 0,65
Bronchopulmonary dysplasia 14.3% (10) 12.5% (5) 0.77
Enteral nutrition onset (days) 1.6±1 1.8±1.7 0.54
Parenteral nutrition length (days) 10.7±5.6 9.1±5.2 0.09
Calorie/kg at 14 days of life 136.3±26 134±21 0.70
Protein intake at 14 days of life ()g/kg/day 3.3±0.4 3.3±0.5 0.86
Weight increase at 14 days of life (grams) 93±34 114±88 0.05
Early onset sepsis 28% (11) 55% (37) 0.02
Late onset sepsis 18% (7) 10.4% (7) 0.75
Hospitalization length 67.7±17 63.9±24 0.40

*SNIPPV – synchronous nasal intermittent positive pressure ventilation, **LISA – low invasive surfactant administration,
INSURE – intubation-surfactant-extubation
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in the control group. The postnatal age at which the 
first transfusion was administered was approximately 
35 days, with a variation of 1-88 days, and did not 
differ significantly between the two groups (29.3 ± 
23.5 EPO versus 37.1 ± 19.7 days control group),  
p = 0.25.

Because the same transfusion protocol was appli-
ed, hemoglobin and hematocrit values did not have 
significant differences between the two groups: 8.2 ± 2 
versus 7.7 ± 1.5 g/dl, p = 0.18 and 27.3 versus 23. 5 ± 
4.8%, p = 0.73.

As for blood transfusions mean, it was 1.1±0.7 for 
the EPO group (1-13) versus 1.5±1.2 (1-6) for the 
control group, p = 0.25. A Man-Whitney U test show-
ed that there was no statistically significant difference 
between the blood transfusions mean number in the 
EPO group (Md = 1, n = 13) and the one in the control 
group (Md = 1.5, n = 38). There were statistically sig-
nificant differences between the blood transfusions 
mean volume in the two groups 35.4±19.3 ml for the 
EPO group versus 53.5±23.8 ml for the control group, 
p 0.045. By applying a Mann-Whitney U test we de-
monstrated a statistically significant difference betwe-
en blood transfusions mean volume in the EPO group 
(Md= 33, n= 13) and the control group (Md= 46.5,  
n= 38). Because factors that associate with the need 
for transfusion can overlap with those that contribute 
to the specific comorbidities of ELBW preterms, we 
used linear regression analysis to define the influence 
of certain risk factors like gestational age, the need for 
inotropic support, mechanical ventilation length, 
early/late onset sepsis, amount of blood sampling. We 
discovered a negative correlation between GA  
(p 0.019), mechanical ventilation length (p = 0.03) 
and the need for transfusion. It is worth noting that 
although the premature babies in the EPO group had 
more severe forms of respiratory distress and needed 
more mechanical ventilation, the number and volume 
of blood transfusions was lower, also because blood 
gas sampling was minimal and carefully assessed. 
The latter reflects also in the mean blood sampling 
volume/patient, which wasn’t significantly different 
between the two groups (22.4±7.5 EPO group vs 
19.2±5.7, control group, p = 0.1). Most transfusions 
were administered after 28 days of life in both groups.

the non-erythropoietic effects of epO
One of the proposed scopes of the study was to 

observe the effect of erythropoietin on intraventricu-
lar bleeds, considering its neuroprotection effect. The-
re where no significant differences of IVH (> grade 3) 
and PVL incidence in the two groups. An exact Fisher 
test showed that there was no influence of EPO in the 
onset of brain hemorrhages (X2 = 0.86, p = 0.38). 

Also, we could not demonstrate the protector effect 
of EPO on the gut mucosa: 2 patients from the EPO 
group (5%) and 11 from the control group (16%) pre-
sented NEC, stages 1 and 2. The exact Fisher test 
showed that there was no EPO influence over the gut 
mucosa (X2 = 2.89, p = 1.23), the pulmonary tissue 
(X2 = 0.7, p = 1), or ROP incidence (X2 = 0.42,  
p = 0.59) – table no 2.

Severe ROP (> grade 3) and NEC incidence in our 
study could not be correlated with blood transfusions 
number (p 0.88), volume (p = 0.71) and postnatal age 
(p = 0.88) when blood transfusions where given (9). 

TABLE 2. The incidence of specific comorbidities in the 
two groups 

Variables
 EPO 

group
Control 
group

Exact 
Fisher 

test

P 
value

Incidence of cerebral 
lessions  
(IVH > gr. 3, PVL)

3.5% (3) 5.5% (6) X2 = 0.86 0.38

Incidence of  
ROP> gr. 3

5.2% (2) 1.64% (1) X2 = 0.42 0.59

Incidence of NEC  
std. 1-2

5.1% (2) 15.9% (11) X2 = 2.89 1.23

Incidence of BPD 12.5% (5) 14.3% (10) X2 = 0.7 1

dIsCussIOns

In our study, early EPO use in the first 8 days of 
life, reduced the need for transfusion by 0.5/patient. 
The total blood transfusion volume (ml/kg/patient) 
was reduced, as well as donor numbers amongst the 
randomized patients – but not for the transfused pre-
terms. This facts are consistent with the study meta-
analysis regarding „early” EPO administration (3) 
which concluded that EPO significantly reduces the 
number of transfusions by one or more/patient, the 
volume of transfused blood and the number of multi-
ple donor exposures. For all these results, the effect 
size was small and susceptible to limited clinical im-
portance. Although the two groups were equal from a 
demographic point of view, the repiratory pathology 
in the EPO group was more severe, and so it was ex-
pected that the transfusional needs would be higher in 
these cases (10). It is possible that this difference in 
respiratory pathology between the two groups has in-
fluenced the EPO therapy results. In general, for these 
preterms, PRBC transfusions provide a certain hemo-
globin level that depends on the level of cardiac and 
respiratory support required. For ELBW preterms, al-
most half of PRBC tranfusions are administered in the 
first two weeks of life, when cardiac and respiratory 
pathologies are more severe and blood sampling more 
frequent; in the first week of life, losses through blood 
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sampling can reach 10-30%of total blood volume (10-
25 ml/kg) (11). In our study we could not prove the 
effect of erythropoietin in neuroprotection; the num-
ber of patients with cerebral lesions (IVH > gr. 3) was 
very low in the two groups and it is hard to signifi-
cantly correlate statistically. In the latest meta-analysis 
review on EPO studies, the incidence of IVH (grade 3 
and 4) and PVL dropped significantly. Regarding 
ROP, we did not observe any aggresive forms, athou-
gh there have been studies which demonstrated a sig-
nificant increase of ROP (>grade 3) rate, when admi-
nistering early EPO (6). At the same time, PRBC 
transfusion in the first 10 days of life was associated 
with a 4-fold increase of severe retinopathy risk, re-
gardless of gestational age or bronchopulmonary dis-
plasia (9-11). The protective effects of erythropoietin 
on the gut mucosa could not be proven in our study. 
There were only mild forms of NEC (stages 1 and 2) 
and it was difficult to achieve a correlation with the 
protective effect of EPO vs PRBC transfusions. 
Oxygen alteration or disruption of mezenteric perfusi-
on were implicated in the phenomenon know as 
TRAG – transfusion related acute injury of gut (12-
16). Although the results related to the transfusion im-

pact of these meta-analyses cannot recommend, at the 
moment, the use of EPO in the standard treatment of 
prematurity anemia, its non-erythropoietic effects (es-
pecially neuroprotection) represent a promise and a 
challenge to continue further studies (17).

COnClusIOns

In our study, the early use of EPO in the first 8 
days of life reduced the need for blood transfusions by 
0.5/patient. The total transfusion volume (ml/kg/pati-
ent) was reduced by 18 ml. Early EPO use can reduce 
the number of transfusions by one or more/patient, the 
volume of blood needed is smaller, as well as the 
number of donors/patient. Although statistically sig-
nificant, these reductions have limited clinical impor-
tance. In our study, like in the current meta-analyses 
updates for early EPO use, with high quality evidence 
according to GRADE, there is no significant increase 
of ROP (≥ grade 3) rate. Although recent meta-
analyses results showed (moderate quality evidence) 
that EPO reduces IVH, PVL and NEC incidence, our 
study did not demonstrate this aspect. 
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