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Purpose: Anemia of prematurity is frequent in preterm infants, for which red blood 
cell (RBC) transfusion remains the treatment of choice. In this study, we attempted 
to evaluate the characteristics and risk factors of anemia of prematurity, and suggest 
ways to reduce anemia and the need for multiple transfusions. Materials and 
Methods: Preterm infants weighing less than 1500 g (May 2008-May 2009) were 
divided into two groups depending on whether they received RBC transfusions 
(transfusion group and non transfusion group). Hemoglobin (Hb) concentration, 
phlebotomy blood loss, and the amount of RBC transfusion were analyzed. Risk 
factors of anemia and RBC transfusions were analyzed. Results: Fifty infants that 
survived were enrolled in the present study: 39 in the transfusion group and 11 in 
the non transfusion group. Hb concentrations gradually decreased by eight weeks. 
In the transfusion group, gestational age and birth weight were smaller, bronchopul-
monary dysplasia and sepsis were more frequent, full feeding was delayed, paren-
teral nutrition and days spent in the hospital were prolonged, and phlebotomy blood 
loss was greater than that in the non transfusion group. Conclusion: Anemia of pre-
maturity was correlated with increased laboratory blood loss, decreased birth 
weight, prolonged parenteral nutrition, and delayed body weight gain. Accordingly, 
reducing laboratory phlebotomy loss and parenteral nutrition, as well as improving 
body weight gain, may be beneficial to infants with anemia of prematurity.
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INTRODUCTION

Almost all infants experience various degrees of anemia, or physiologic anemia of 
infancy. Typically, hemoglobin (Hb) concentration decreases to between 9.5-11 g/dL 
around 10-12 weeks in healthy term infants;1 the nadir rarely falls below 9 g/dL.2 
Preterm infants experience more profound and earlier onset of anemia than physi-
ologic anemia of infancy, deemed anemia of prematurity (AOP).3 In AOP, mean 
Hb concentration reportedly falls to approximately 8 g/dL in infants with a birth 
weight of 1000-1500 g and to 7 g/dL for infants weighing less than 1000 g.4 One 
study reported that between 4-10 weeks of age, the nadir of Hb concentration falls 
to 8-10 g/dL in preterm infants weighing 1200-1400 g and 6-9 g/dL for preterm in-
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MATERIALS AND METHODS
　　　

Patients
The protocol of this study was reviewed and approved by the 
Institutional Review Board of the Busan Paik Hospital. 
VLBWIs weighing less than 1500 g admitted to the neonatal 
intensive care unit (NICU) of Busan Paik Hospital from May 
2008 to May 2009 were enrolled. The infants were allocated 
to two groups depending on whether they received RBC 
transfusions (transfusion group and non-transfusion group). 
Infants were excluded if the infant had immune hemolytic 
disease, hydrops or a life-threatening congenital anomaly.

Study protocol
Clinical data were collected retrospectively from medical re-
cords. To identify factors that might influence anemia and 
transfusion, various perinatal and postnatal variables were 
evaluated. Demographic factors included gestational age, 
birth weight, sex, Apgar score at 1 and 5 minutes, small for 
gestational age (SGA), antenatal steroids therapy, and ante-
partum and postpartum maternal Hb concentration. Morbidi-
ty and outcome variables included respiratory distress syn-
drome (RDS), sepsis, non-laboratory blood loss, such as 
pulmonary hemorrhage and intraventricular hemorrhage 
(IVH), periventricular leukomalacia (PVL), necrotizing en-
terocolitis (NEC), retinopathy of prematurity (ROP), bron-
chopulmonary dysplasia (BPD), postnatal day when full 
feeding was reached, duration of parenteral nutrition, rate of 
body weight gained on the 28th postnatal day, and amount of 
phlebotomy blood loss. Neonatal RBC transfusions are con-
troversial and vary from center to center. The guidelines for 
RBC transfusion in our NICU are based on the general 
guidelines proposed by Strauss.13 Erythropoietin (EPO) is not 
used routinely in our NICU, because of cost. Intrauterine 
RBC transfusions using umbilical veins for severe fetal ane-
mia were not carried out in this study. Decisions regarding 
ordering blood tests were left to the attending physicians de-
pending on patient severity. Micro collection tubes were used 
for laboratory testing, and capillary tubes for capillary blood 
gas analysis.

SGA was defined as a birth weight less than the 10th per-
centile on Lubchenco growth curve.14 Antenatal steroids 
were administered to all pregnant women at risk of preterm 
delivery within 7 days, between 24 and 34 weeks’ gestation 
with an intact membrane or between 24 and 32 weeks’ ges-
tation with a ruptured membrane. We administered two 

fants weighing less than 1200 g.3 
Various causes are known to contribute to AOP. One is 

that in the first few weeks of life, blood is lost due to sam-
pling for the many laboratory tests that premature infants 
undergo.5 As a result, nearly half of all red blood cell (RBC) 
transfusions are given in the first 2 weeks of life when neo-
natal illness is most severe and laboratory blood loss is 
greatest.6 The most premature infants, who are the most 
critically ill and have the smallest blood volume, experi-
ence the greatest laboratory blood loss, and experience 
more profound anemia. Erythropoiesis is suboptimal, too. 
The survival of RBC in premature infants is short (40 to 60 
days in premature infants vs. 120 days in adults), and RBC 
mass expands rapidly according to growth in premature in-
fants, as a result erythropoiesis is suboptimal in comparison 
to need.7 This suboptimal erythropoiesis is greatest in the 
smallest and least mature infants.8 The suboptimal erythro-
poiesis seen in premature infants is caused by the blunted 
synthetic response of hepatic oxygen sensor to hypoxia in 
premature infants. Deficiency of folate, vitamin B12, or vita-
min E may deteriorate AOP. Vitamin E is an antioxidant es-
sential to maintain the integrity of RBC. And vitamin E 
protects RBC from lipid peroxidation and membrane inju-
ry. Consequently deficiency of vitamin E may contribute to 
AOP.

AOP is more severe in the smallest and least mature pre-
term infants even in the absence of phlebotomy blood loss.9 
Infants delivered before 28 weeks gestation or with a birth 
weight of <1000 g are born before the bulk of iron is trans-
ported through the placenta from the mother to the fetus and 
before the marked erythropoietic activity of fetal marrow 
during the third trimester. This results in low iron stores and 
a small circulating mass of RBCs, finally resulting in a more 
severe and early onset AOP, even in the absence of phlebot-
omy blood loss.10

Despite many non-transfusion approaches in AOP, RBC 
transfusion still remains the treatment of choice of this trans-
fusion-dependent anemia.11 However, RBC transfusions pose 
a risk of viral transmission, such as cytomegalovirus, hepati-
tis virus and graft-versus-host disease in immunocompro-
mised very low birth weight infants (VLBWIs), as well as al-
loimmunization and volume overloading.12 In addition, RBC 
transfusions are costly and add to parental anxiety. Thus, it is 
critical to prevent AOP and minimize RBC transfusions. This 
study was conducted to describe the characteristics of AOP, 
evaluate the risk factors of AOP, and suggest ways of reduc-
ing RBC transfusions in preterm infants.
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24+5-35+2 weeks) and 1095±240 g (range: 510-1500 g), re-
spectively. Gestational age and birth weight were smaller in 
the transfusion group than the non-transfusion group (28+5±2+3 
weeks vs. 32+3±2+6 weeks, p<0.001, 1056±231 g vs. 1232± 
234 g, p=0.031, respectively). Sex ratio and Apgar score at 
1 and 5 minutes were not different between the two groups. 
SGA was more frequent in the non-transfusion group (20.5% 
vs. 63.64%, p=0.017). The administration of antenatal ste-
roids was not significantly different between the two groups 
[69.2% (27/39) vs. 36.4% (4/11), p=0.053]. Maternal Hb 
concentration decreased after delivery, which was not dif-
ferent between the two groups [11.6 g/dL (antepartum) to 
9.9 g/dL (postpartum) vs. 12.4 g/dL (antepartum) to 9.4 g/
dL (postpartum), p=0.092].

In total, 78% (39/50) of enrolled VLBWIs received a sin-
gle RBC transfusion, and 54% (27/50) received more than 
one transfusion. The mean number of RBC transfusions 
was 1.8. Thirty-nine infants were assigned to the transfu-
sion group and 11 to the non-transfusion group (Table 1). 

Hb concentration gradually decreased by eight weeks 
(p<0.001), and the difference for infants weighing 1000 g 
was marginally significant in consideration of group x fac-
tor interaction (p=0.056) (Fig. 1). 

Morbidities and clinical outcome variables
Compared to the non-transfusion group, BPD and sepsis 
were more frequent in the transfusion group (51.3% vs. 
9.1%, p=0.012, and 35.9% vs. 0%, p=0.019, respectively). 
The postnatal day to reach full feeding was delayed in the 
transfusion group (23 vs. 13 days, p<0.001). Also, a pro-
longed duration of parenteral nutrition and days spent in the 
hospital (24 vs. 11 days, p=0.002, and 79 vs. 51 days, 
p<0.001, respectively) was observed in the transfusion group. 
There was greater phlebotomy blood loss in the transfusion 
group (37 vs. 16 mL/kg, p<0.001). RDS, PVL, NEC (≥ stage 
2), ROP (requiring laser op), and the rate of body weight 
gain on the 28th day were not significantly different be-
tween the two groups. Non-laboratory blood loss, such as 

doses of 12 mg of betamethasone at 24 hour intervals intra-
muscularly. Sepsis was diagnosed upon clinical signs of 
systemic infection with a positive blood culture.15 BPD was 
defined as an oxygen dependency for the first 28 days of 
life.16 IVH and ROP were limited to those of a high grade 
(≥Gr III) and a high stage requiring laser therapy, respec-
tively. The postnatal day to reach full feeding was defined 
as the postnatal day to achieve 120 mL/kg/day of feeding. 
The rate of body weight gain on the 28th postnatal day was 
calculated using the following equation: (body weight on 
the 28th postnatal day-body weight at birth)/(body weight 
at birth)×100. Two mg/kg of elemental iron was supple-
mented to each infant after four weeks old. 

Hb concentration, phlebotomy blood loss, and volume of 
RBC transfusion were analyzed weekly from birth to post-
natal eight weeks, the completion period of this study. 

Data analysis
Statistical analysis was performed using chi-square test or 
Fisher’s exact test for dichotomous outcome data, and a t-
test or Mann-Whitney U test for continuous data. Repeated 
measures ANOVA was performed to monitor changes in 
Hb concentration from birth to postnatal eight weeks. Rela-
tive risk (RR) with 95% confidence intervals using simple 
logistic regression analysis and coefficients (β) using multi-
ple regression analysis were presented to evaluate factors 
that might influence transfusion. P-values <0.05 were con-
sidered indicative of significant differences. Statistical anal-
ysis was performed using MedCalc for Windows, version 
11.5 (MedCalc Software, Mariakerke, Belgium).

RESULTS
 

Demographic factors
During the period of enrollment (May 2008, through May 
2009), 50 VLBWIs who survived were enrolled. The mean 
gestational age and birth weight were 29+4±3+0 weeks (range: 

Table 1. Demographic Factors
Transfusion group (n=39) Non transfusion group (n=11) p value

Gestational age (wk+day) 28+5±2+3  32+3±2+6 <0.001
Birth weight (g) 1056±231  1232±234 0.031
Male, n (%) 22 (56.4) 8 (72.7) 0.329
Apgar score at 1 min   6±1    6±2 0.272
Apgar score at 5 min   7±1    8±2 0.285
Small for gestational age, n (%)   8 (20.5) 7 (63.6) 0.017
Antenatal steroid therapy, n (%) 27 (69.2) 4 (36.4) 0.053
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tion was equal to or longer than three weeks (p=0.005), and 
1.52 (1.08-2.15) times in infants whose rate of body weight 
gain at the 28th postnatal day was less than 25% (p=0.017). 
The volumes of RBC transfusion also increased as follows: 
60 mL/kg for gestational age <28 weeks, 22 mL/kg for ges-
tational age 28 to 31 weeks, and 6.7 mL/kg for gestational 
age ≥32 weeks (Table 3). 

Multiple regression analysis revealed that the volume of 
RBC transfusion decreased to 0.043 mL with an increased 
birth weight of one gram (p=0.045), suggesting that RBC 
transfusion volume increases by 4.3 mL when birth weight 
decreases by 100 g. Additionally, volume of RBC transfusion 
increased to 13.3 mL with increasing phlebotomy blood loss 

pulmonary hemorrhage and IVH (≥ grade 3), were also not 
significantly different between the two groups (Table 2).

Risk factors of transfusion
The risk of needing RBC transfusion increased by 2.24 
(1.13-4.43) times for infants with a gestational age of less 
than 28 weeks (p=0.021) and 2.09 (1.05-4.15) times for in-
fants between 28 to 31 weeks (p=0.037), compared to in-
fants of age equal to or greater than 32 weeks. The risk of 
RBC transfusion increased by 1.66 (1.02-2.71) times for in-
fants of appropriate for gestational age (AGA) than SGA 
infants (p=0.042). This risk also increased by 1.60 (1.15-
2.23) times in patients whose duration of parenteral nutri-

Table 2. Morbidity and Outcomes
Transfusion group (n=39) Non Transfusion group (n=11) p value

BPD, n (%) 20 (51.3)   1 (9.1) 0.012
Sepsis, n (%) 14 (35.9)   0 (0) 0.019
Days to reach full feeding (postnatal day) 23 13 <0.001
Duration of PN (days) 24 11 0.002
Hospital stay (days) 79 51 <0.001
Phlebotomy loss (mL/kg) 37 16 <0.001
RDS, n (%) 29 (74.4)   6 (54.5) 0.205
PVL, n (%)   3 (7.7)   0 (0) 0.343
NEC (≥ stags 2), n (%)   4 (10.3)   1 (9.1) 0.909
ROP (requiring laser op.), n (%)   5 (12.5)   0 (0) 0.211
Rate of body wt. gain at 28th day (%) 24 30 0.052
Pulmonary hemorrhage, n (%)   3 (7.7)   0 (0) 1.000
IVH (≥ grade 3), n (%)   6 (15.4)   0 (0) 0.317

BPD, bronchopulmonary dysplasia; PN, parenteral nutrition; RDS, respiratory distress syndrome; PVL, periventricular leukomalacia; NEC, necrotizing en-
terocolitis; ROP, retinopathy of prematurity; IVH, intraventricular hemorrhage. 

Fig. 1. Hemoglobin concentration from birth to postnatal 8th week. Dots (hemoglobin concentrations in infants whose birth weight was 
<1000 g are presented as circles, ≥1000 g as squares) represent median values of Hb concentration, and error bars represent 95% confi-
dence intervals for the median. According to repeated measures ANOVA, Hb concentration gradually decreased over eight weeks. The 
difference in infants weighing 1000 g was marginally significant in consideration of group x factor interaction (p=0.056). Results of repeat-
ed measures ANOVA, results of tests assessed by Greenhouse-Geisser statistics. Between-subjects effects p=0.149, within-subjects ef-
fects p<0.001, group x factor interaction p=0.056. 
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cumulative phlebotomy loss of 22 mL/kg during hospital 
stay in extremely low birth weight infants (ELBWIs), which 
was less than our study. On the other hand, relatively large 
phlebotomy losses, ranging from 11 to 22 mL/kg per week 
among VLBWIs in the NICU, were reported during the 
first 6 weeks after birth in another previous study.9 Various 
factors may contribute to phlebotomy loss, including writ-
ten guidelines that dictate the need for laboratory testing, 
behaviors among neonatologists regarding blood test order-
ing, the unavailability of cord blood sampling in postnatal 
labs at birth, and the unavailability of microtechniques for 
laboratory assays, among others. Accordingly, phlebotomy 
blood loss was previously reported as a primary cause of 
AOP, especially during the first few weeks of life.5,18 The 
need for RBC transfusions can be reduced by decreasing 
phlebotomy loss via the following: microsampling using 
capillary micro collection tubes, batching of blood labs, cord 
blood sampling in immediate postnatal labs, removing cen-
tral lines as soon as possible, ordering labs judiciously, care-
ful monitoring of phlebotomy loss, and the use of blood-test-
ing devices operated at the bedside.19 According to a previous 
study, the introduction of a bedside point-of-care (POC) “an-
alyzer” (a device that requires the permanent removal of 
blood) (iSTAT Corp, Princeton, NJ, USA) for blood gas 
analysis decreased phlebotomy loss to 30% and the number 

by 10 mL (p<0.001), 10.1 mL with prolonged parenteral nu-
trition by 10 days (p=0.003), and to 6.6 mL with a decreasing 
rate of body weight gain by 10% (p=0.033) (Table 4).

DISCUSSION

Immediately following birth, almost all infants experience 
varying degrees of anemia. The rapidity of developing ane-
mia and its severity are determined by multiple physiologic 
and non-physiologic processes. The severity of developing 
anemia is most pronounced in the least mature preterm in-
fants, and preterm infants are prone to developing severe 
cardiorespiratory and infectious illnesses, resulting in heavy 
laboratory blood loss during diagnosis and treatment.9 

Our findings indicated that as gestational age and birth 
weight decreased, AOP became more severe and the risk of 
the need for RBC transfusions increased. When adjusted 
for gestational age and birth weight by multiple linear re-
gression analysis, excessive blood loss from phlebotomy 
was the most important cause of anemia. In this study, the 
mean cumulative phlebotomy loss was 32 mL/kg (37 mL/kg 
in the transfusion group vs. 15 mL/kg in the non-transfusion 
group) by the completion of the study, which was the first 
eight weeks of life. Meyer, et al.17 previously reported a mean 

Table 3. Risk of Transfusion According to Characteristics of the Subjects (Simple Logistic Regression Analysis)
No. (%) of transfusion RR (95% CI) p value

Gestational age (wk+day)
≥32+0   5/12 (41.7) 1.00
28-32 20/23 (87.0) 2.09 (1.05-4.15) 0.037
<28 14/15 (93.3) 2.24 (1.13-4.43) 0.021

Birth weight (g)
≥1000 26/35 (74.3) 1.00
<1000 13/15 (86.7) 1.17 (0.88-1.54) 0.278

SGA
SGA   8/15 (53.3) 1.00
AGA 31/35 (88.6) 1.66 (1.02-2.71) 0.042

Days to reach full feeding (postnatal day)
<20 20/29 (69.0) 1.00
≥20 19/21 (90.5) 1.31 (0.99-1.74) 0.058

Duration of parenteral nutrition (days)
<21 15/25 (60.0) 1.00
≥21 24/25 (96.0) 1.60 (1.15-2.23) 0.005

Rate of body wt. gain at 28th day (%)
≥25 14/23 (60.9) 1.00
<25 25/27 (92.6) 1.52 (1.08-2.15) 0.017

RR, relative risk; 95% CI, 95% confidence interval of RR; p value, p value of RR; SGA, small for gestational age; AGA, appropriate for gestational age.

Table 4. Influencing Factors to Transfusion by Multiple Regression Analysis
Coefficient (β) Standard error p value

Gestational age (wk+day) -0.377 0.251 0.141
Birth weight (g) -0.043 0.021 0.045
Phlebotomy loss (mL/kg)   1.334 0.179 <0.001
Duration of parenteral nutrition (days)   1.012 0.327 0.003
Rate of body weight gain at 28th day (%) -0.660 0.281 0.033
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and >30% (liberal) and >22% (restrictive) in infants with nei-
ther positive pressure nor oxygen.22 The other RCT study 
suggested that restrictive guidelines did not increase the risk 
of death or IVH, PVL, BPD, or ROP. The restrictive guide-
lines were defined as Hb levels maintained at >10 g/dL dur-
ing the first week and >6-7 g/dL after the second week of 
life in infants with neither positive pressure nor oxygen.23 
Some studies in support of the latter RCT concluded that 
RBC transfusions were associated with an increased risk of 
BPD and NEC,25 or ROP.26 In this study, BPD was in-
creased in the transfusion group. Valieva, et al.25 found that 
BPD was significantly increased according to increases in 
RBC transfusions among ELBWIs. Thus, RBC transfu-
sions might be implicated in BPD, potentially due to in-
creased oxidative stress caused by an increase in non-trans-
ferrin bound iron or inflammatory mediators present in 
stored blood products.27,28 

In the transfusion group, the day of reaching full feeding 
was delayed (23 vs. 13 days), and the volume of RBC trans-
fusion was increased by 9.47 mL, which was delayed by 10 
days. Additionally, a prolonged duration of parenteral nutri-
tion was observed (24 vs. 11 days) in the transfusion group, 
and RBC transfusion volume increased by 10 mL upon a 
10-day delay in the duration of parenteral nutrition. More-
over, the RR of RBC transfusion increased 1.60 times among 
patients whose duration of parenteral nutrition was longer 
than 3 weeks. Taken all together, we deduced the follow-
ing: if full enteral feeding is delayed, the duration of paren-
teral nutrition and central venous catheter will be prolonged, 
and infection associated with central venous catheter and 
sepsis will increase, as observed in the present study, neces-
sitating further blood tests. Finally, phlebotomy blood loss, 
anemia and RBC transfusion might increase, and body 
weight gain may be impeded due to delayed enteral feed-
ing. Thus, we suggest that if full enteral feeding is achieved 
sooner, the need for RBC transfusions may be lessened. 
However, further prospective studies are needed to eluci-
date the relationships between aggressive enteral nutrition, 
anemia, and RBC transfusion.

An important cause of AOP is low EPO plasma level in 
premature infants.10 Preterm infants delivered before the 
third trimester are born prior to marked erythropoietic activi-
ty and before the bulk of iron is transported from mother to 
fetus through the placenta, resulting in a small circulating 
mass of RBCs and low iron stores.10 Decreased EPO levels 
in premature infants have been shown to be associated with 
the liver rather than the kidneys during the first few weeks 

of RBC transfusions to 43%, in comparison to a convention-
al pre-POC blood gas analyzer.18 In another study, an in-line 
POC “monitor” (a device that either returns blood to the in-
fant after analysis or does not require blood removal) that 
withdraws blood through a central line to analyze blood gas-
es decreased phlebotomy loss to 22%, RBC transfusion 
volumes to 33%, and transfusion frequency to 32%, com-
pared to a conventional blood gas analyzer.5 These findings 
suggest that although there are several causes of AOP, the 
most important cause is excessive phlebotomy loss. 

The total volume of RBC transfusions in this study was 
39.4±31.7 mL/kg among transfused infants, which is low in 
comparison to several other studies. Madan, et al.18 reported 
a volume of RBC transfusion of 78.4 mL/kg in a pre-POC 
group and 44.4 mL/kg in a post-POC group among ELBWIs. 

Milking the umbilical cord,20 delayed cord clamping,21 
strict RBC transfusion guidelines,22,23 and the use of EPO3 
might reduce the need for RBC transfusions in premature 
infants. Umbilical cord milking can retrieve up to 20 mL of 
placental blood.24 In a previous report, umbilical cord milk-
ing, the milking of blood from approximately 20 cm of um-
bilical cord two to three times, increased initial Hb concen-
tration and blood pressure, and reduced the need for RBC 
transfusions.20 Moreover, umbilical cord milking did not 
lead to an increased risk of IVH in a previous study, which 
poses the potential to be an adverse effect of umbilical cord 
milking due to rapid volume overloading.20 Additionally, 
the optimal timing at which to clamp the cord is under de-
bate. Delayed cord clamping may lead to the need for pla-
cental transfusion, but may conflict with immediate resusci-
tation in preterm infants. On meta-analysis, delayed cord 
clamping between 30 and 120 seconds was shown to reduce 
the risk of IVH and the need for RBC transfusion compared 
to clamping within 30 seconds. These results might be due 
to an increased circulating blood volume and blood pres-
sure secondary to placental transfusion.21 

Concerns for Hb threshold for RBC transfusion remain 
unresolved. To complicate the matter, data from two large 
randomized control trials (RCT) revealed conflicting find-
ings. One RCT concluded that more restrictive RBC trans-
fusion guidelines were related to increased IVH, PVL, and 
apnea and bradycardia, compared to more liberal guidelines. 
Liberal and restrictive guidelines were defined as hematocrit 
levels maintained at >45% (liberal) and >34% (restrictive) 
in infants tracheally intubated for assisted ventilation, >38% 
(liberal) and >28% (restrictive) in infants with nasal-related 
continuous positive airway pressure or supplemental oxygen, 
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for hematocrits to fall to ≤21% to reduce RBC transfusions. 
In a previous study, preterm infants with “not symptomat-
ic” anemia and with a hematocrit of ≤21% exhibited in-
creased cardiac output and stroke volume, as well as large 
left ventricular end-diastolic and end-systolic dimensions, 
resulting in left ventricular dysfunction, and these abnormal 
parameters improved after RBC transfusion.30 The decision 
to transfuse or not in “not symptomatic” preterm infants was 
left to the clinical judgment of the practitioner. Even though 
adaptations to anemia, such as increased cardiac output, 
were shown to improve after RBC transfusion, it remains to 
be seen whether chronic adaptations to anemia have long-
term impacts, such as hypertension. Reducing RBC trans-
fusion is not always the best course of action, and individu-
alized RBC transfusion may be needed. 

In conclusion, AOP was more severe in the smallest and 
least mature preterm infants, and RBC transfusion remains 
the only treatment for transfusion-dependent anemia. Thus, 
it is important to prevent this anemia by delayed cord clamp-
ing and cord milking at delivery, and reducing the amount 
of laboratory phlebotomy loss using cord blood sampling at 
admission, capillary micro collection tubes, and reducing 
frequencies of sampling. Even though these efforts were 
previously shown to prevent anemia, AOP is not complete-
ly preventable due to decreased erythropoietic activity. We 
found that improved neonatal intensive care and feeding 
strategies, such as achieving full enteral feeding earlier and 
reducing the duration of total parenteral nutrition, can re-
duce AOP and RBC transfusions. As the mechanism to re-
duce anemia is not known, further evaluation is needed.
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EPO administration in premature infants.3 As a result, EPO 
is not routinely used in treatment of the AOP, except in par-
ticular patients such as preterm infants born of Jehovah’s 
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