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Disclaimer
NANN neither represents nor guarantees that the guidance 
provided by the content in this module, if followed, ensures 
the delivery of safe and effective care. NANN assumes no 
liability or responsibility in connection with the content. 
The content reflects the judgment of NANN and the author 
regarding the state of general knowledge and practice in 
this field as of the date of publication and is subject to 
change as new scientific information becomes available. 
The guidance provided is not intended to substitute for 
professional medical judgment, diagnosis, or treatment.
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Learning Objectives
After completion of this module, the learner will be better 
able to
 1. define anemia of prematurity and understand its 

pathophysiology
 2. discuss the incidence and prevalence of anemia of 

prematurity
 3. identify the therapeutic approaches to treating anemia 

of prematurity.

Background 
Preterm infants who have a birth weight of less than 1,000 
grams (often referred to as extremely low birth weight 
[ELBW]) and who are born at 29 weeks gestation or sooner 
will typically need red blood cell (RBC) transfusions during 
the first weeks of life (Strauss, 2010). According to R. G. 
Strauss, every week in the United States approximately 
10,000 infants are born premature at less than 37 weeks 
gestation, and approximately 600 (6%) of these preterm 
infants are ELBW (Strauss, 2010). Consequently, about 
90% of these ELBW neonates will receive at least one RBC 
transfusion during their initial hospitalization (Strauss, 
2010). Factors that contribute to anemia of prematurity are 
decreased erythropoiesis production, rapid growth causing 
hemodilution of blood volume, lower hemoglobin levels at 
birth, poor iron stores, and repeated lab draws (Salsbury, 
2001). The physiology and pathophysiology of anemia of 
prematurity are tacit, but prevention and treatment of the 
condition remain notoriously debatable. The purpose of this 
module is to provide an understanding of the pros and cons 
of the various treatment methods for anemia of prematurity 
in the ELBW infant.

Physiology and Pathophysiology
Anemia is defined by a hemoglobin or hematocrit (HCT) 
value that is more than two standard deviations below 
the mean for age. Anemia of prematurity, however, is 
characterized by a low reticulocyte count and an inadequate 
response to erythropoietin (EPO). All neonates experience 
a decline in circulating RBCs after birth. This decline 
results from multiple physiological factors that include 
decreased bone marrow EPO production after birth, rapid 

growth resulting in increased blood volume, and decreased 
newborn RBC life span (Salsbury, 2001). In extremely ill 
preterm infants, there is the additional contributor of blood 
losses from laboratory testing.

In term infants, the mean capillary hemoglobin at birth 
is 19.3 g/dL, whereas the mean HCT is 61 g/dL. Premature 
infants have mean capillary hemoglobin levels at birth of 
14.5 g/dL and mean HCT of 43.5 g/dL, lower than full-
term infants (Martin, Fanaroff, & Walsh, 2011). There 
is a steady decline of hemoglobin and HCT levels in the 
weeks following birth due to postnatal changes in tissue 
oxygenation and EPO production resulting in a physiologic 
anemia that is well tolerated by the infant and requires no 
therapy. In healthy term infants, the nadir hemoglobin 
and HCT values seldom drop below 10 g/dL and 33 g/dL, 
respectively, at an age of 10 to 12 weeks. In contrast, this 
decline is more rapid in the ELBW preterm infant as they 
reach a hemoglobin and HCT nadir of 8 dL–9 g/dL and 25 
g/dL–27g/dL, respectively, as early as 4 to 6 weeks of age 
(Strauss, 2010). 

The shorter life span of the fetal RBC is another factor 
contributing to anemia of prematurity. Compared with the 
blood cell of an adult (120 days), the fetal RBC life span 
(60–90 days) is significantly shorter (Martin, Fanaroff, 
& Walsh, 2011). RBC production by the neonatal bone 
marrow cannot keep up with the demands of the body 
when extrauterine growth is exceedingly rapid during the 
first months of life. 

A third factor responsible for anemia of prematurity is 
decreased EPO production. EPO is a glycoprotein produced 
mainly in the fetal liver as well as in the cortical interstitial 
cells of the kidney. EPO helps regulate RBC production 
in response to tissue oxygen delivery. This is responsible 
for the low hemoglobin nadir in preterm infants when 
compared with that in term infants. EPO production 
is the body’s response to anemia in premature infants; 
however, the plasma levels achieved at any given HCT 
value are not high enough to compensate for the anemic 
infant. Erythroid progenitor cells of newborn infants are 
quite responsive to EPO in vitro. This finding suggests 
that inadequate production of EPO, not an unresponsive 
bone marrow, is a major cause of neonatal anemia (Strauss, 
2010). There are several mechanisms that are the basis for 
low EPO production. The most noted mechanism is that the 
site of EPO production in preterm infants is in the liver, not 
the kidney. This dependency on hepatic EPO is important 
because the liver is less sensitive to anemia and tissue 



4

hypoxia. Consequently, there is diminished EPO response 
and production to the infant’s falling HCT level (Strauss, 
2010). It is equally important to mention that anemia in 
prematurity is not solely affected by decreased production 
of EPO, but is also triggered by increased metabolism and 
clearance of EPO from the body. 

Rapid growth of the newborn is discussed frequently 
as a cause of anemia of prematurity because it results in 
a hemodilution of blood volume (Strauss, 2010). This 
hemodilution causes blood volume and extracellular 
expansion. The outcome is the low hemoglobin and HCT 
levels seen in preterm infants. 

Iron stores accumulate in the body during the last 
trimester of pregnancy. Subsequently, premature infants 
have poor iron stores with decreased ability to increase these 
stores by enteral feeding. Iron is a major part of hemoglobin, 
and it is essential in the production of new RBCs. Thus, 
preterm infants are more susceptible to anemia. 

Blood losses from lab draws play a key role in the 
presence of anemia of prematurity in ELBW infants 
and in their need for RBC transfusions. The modern 
practice of neonatology requires critically ill neonates to 
be monitored closely with serial laboratory studies such 
as blood gases, electrolytes, blood counts, and cultures. 
Small preterm infants are frequently the most critically 
ill. They require the most frequent blood specimens and 
undergo the greatest loss of RBCs because their circulating 
RBC volumes are smallest (Strauss, 2010). Modern 
technology, such as in-line peripheral arterial lines and 
laboratory equipment that uses smaller amounts of blood 
per sample, proves promising in reducing the number of 
transfusions needed in the critical first few weeks of life, 
if used properly. An in-line device offers the opportunity 
to obtain the precise amount of blood necessary for the 
test and avoids drawing up and wasting unnecessary 
blood volumes during blood withdrawal. However, until 
these devices are proven more extensively to be feasible, 
cost effective, clinically efficacious, and safe, replacement 
of blood loss due to phlebotomy will remain a key factor 
responsible for RBC transfusions given to critically ill 
neonates. Meanwhile, it is critical to limit testing to only 
those laboratory tests absolutely needed for optimal care. 

Discussion
Diagnosis of anemia of prematurity is made by collecting 
the HCT and hemoglobin levels through lab blood draws. 
There are no standard criteria as to how these levels should 
be followed periodically. However, many practitioners may 
request that levels be drawn when symptoms of anemia of 
prematurity are present. 

Changes in the infant’s baseline activity, such as 
increased number in apnea and bradycardia episodes 

as a result of decreased cellular metabolism and energy 
production, may be noted in the patient’s chart. In 
addition, the infant may present with an increased heart 
rate, which is the body’s normal response to low tissue 
oxygenation, and lower blood oxygen saturation, requiring 
an increase in supplemental oxygen. Feeding skills may 
deteriorate, resulting in poor weight gain despite adequate 
caloric intake, and metabolic acidosis may be noted 
(Martin, Fanaroff, & Walsh, 2011). Although these are 
typical manifestations seen in symptomatic infants with 
anemia, they are not diagnostic by themselves. The entire 
clinical picture should be taken into consideration. 

The hemoglobin and HCT nadir of the preterm infant is 
reached at approximately 4 to 8 weeks of life. At this time 
a reticulocyte count should be performed. A reticulocyte 
count measures how fast RBCs called reticulocytes are 
made by the bone marrow and released into the blood. 
Reticulocytes exist in their immature form in the blood 
for about 2 days before developing into mature RBCs. 
Normal reticulocyte levels in term infants at birth range 
from 3% to 6% and in premature infants range from 8% to 
10% (Martin, Fanaroff, & Walsh, 2011). The reticulocyte 
count is initially low in anemia of prematurity and begins 
to increase as the bone marrow resumes erythropoiesis 
(Salsbury, 2001). These values are also dependent on 
gestational age, chronological age, and health status. 

Parent and Family Involvement
Parental concerns regarding blood transfusions of any 
kind are common and should be addressed by healthcare 
professionals. Before a transfusion can be administered, 
informed consent must be obtained, with the exception of 
an emergent situation, from a licensed medical provider 
who explains all risks and benefits. 

Parents need education and reinforcement on why 
their infant needs a transfusion, the risks and benefits, and 
the process in which blood for neonates is screened and 
prepared. Parental involvement is important at all times 
during their infant’s stay in the hospital. For parents in the 
transfusion process, one option to consider is becoming a 
directed donor. Most parents are able to serve as directed 
donors for their premature infant but may not know due 
to lack of education (Manco-Johnson, Rodden, & Collins, 
2006). Parents often feel a sense of helplessness when their 
infant is in the neonatal intensive care unit. By taking part 
in the directed donor option, they feel they are able to help 
their premature infant during a time of need. 

Obtaining parental consent for blood products is 
not always easy and may interfere with religious and 
cultural beliefs. Such is the case with the need for a blood 
transfusion when treating an infant born to a Jehovah’s 
Witness. Jehovah’s Witnesses believe that life is contained 
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within blood and accepting a blood transfusion is sinful 
(Effa-Heap, 2009). Many legal and ethical issues come 
into play when the need for transfusion arises in a neonate 
whose family’s beliefs fall in line with that of the Jehovah’s 
Witnesses. When treatment is believed to be in the best 
interest of the neonate and the parents refuse, the matter 
should be referred to the court for parental refusal to 
be overruled (Effa-Heap, 2009). There are alternative 
treatment options for neonates to help prevent the need 
for packed RBC transfusion, including EPO and iron 
supplementation. Keeping parents informed and educated 
on a daily basis helps them feel involved in making medical 
decisions for their child and establishes rapport with the 
medical team.

Implications
Treatment of anemia of prematurity strives to provide the 
growing neonate with enough oxygen-carrying capacity 
to prevent the symptomatic manifestations of anemia 
discussed earlier. Anemia of prematurity is described by 
a low reticulocyte count and an inadequate response to 
EPO. Although considerable levels of EPO are present 
in the serum of most premature infants, the neonate 
produces an inadequate amount of this growth factor and 
is responsive to pharmacologic supplementation with 
recombinant human erythropoietin (r-HuEPO; Martin, 
Fanaroff, & Walsh, 2011). Institutions are using restrictive 
transfusion guidelines and may use r-HuEPO as treatment 
before considering transfusion with blood. Recognition 
of low plasma EPO levels as the cause for anemia and not 
an abnormal response of RBC progenitor cells to EPO in 
preterm infants provides a rational basis to use r-HuEPO 
as treatment for the anemia of prematurity. Because 
inadequate quantity of plasma EPO is the major cause of 
anemia, it may seem safe to assume that r-HuEPO will 
correct EPO deficiency and efficiently treat the anemia of 
prematurity. Regardless of these assumptions, r-HuEPO 
has not been widely accepted in clinical neonatology 
practice because its effectiveness is incomplete (Strauss, 
2010). Multiple placebo-controlled trials established that 
although r-HuEPO effectively stimulates EPO, as evidenced 
by increased blood reticuloctye counts and RBC counts in 
infants receiving r-HuEPO, it failed to eliminate the need 
for RBC transfusions (Strauss, 2010). In addition, because 
r-HuEPO increases EPO, r-HuEPO used alone can cause 
iron deficiency (Salsbury, 2001). Therefore, treatment 
of anemia of prematurity is usually accomplished by 
administering packed RBCs. 

Guidelines for RBC transfusions are not standard 
across institutions and vary significantly. Controversies 
exist regarding whether transfusing infants with RBCs 
should be done by following restrictive guidelines, in 

which low pretransfusion HCT values are permitted before 
giving a transfusion, or by following liberal guidelines, in 
which high pretransfusion HCT values would require a 
transfusion. An example of the criteria used to determine 
low versus high pretransfusion HCT threshold is available 
in a study by Bell and colleagues (2005). The transfusion 
threshold level for each treatment group consisted of three 
steps in HCT level and was dependent on clinical condition 
of respiratory status. Infants who were tracheally intubated 
for assisted ventilation were considered part of phase 1. 
Those in the liberal- and restrictive-transfusion groups 
received an RBC transfusion if their HCT levels fell to less 
than 46% and less than 34%, respectively. Recipients of 
nasal continuous positive airway pressure or supplemental 
oxygen were considered part of phase 2. HCT levels in 
this group were kept at more than 38% and more than 
28%, respectively, and if requiring no oxygen (phase 3), 
they were kept at more than 30% and more than 22%, 
respectively (Bell et al., 2005). 

Two randomized, controlled trials disagree on whether 
preterm infants are at increased risk of brain injury 
when given RBC transfusions per restrictive guidelines 
(Kirpalani et al., 2006; Bell et al., 2005). In both trials, 
preterm infants were randomly assigned to receive all 
small-volume (10 mL/kg) RBC transfusions per either 
restrictive or liberal guidelines. Both studies found that 
neonates in the restrictive group, as defined above, received 
fewer RBC transfusions, without an increase in mortality 
or morbidity as assessed by several clinical outcomes. 
Outcomes were measured at the time of discharge and 
include retinopathy of prematurity, grade III or more 
intraventricular hemorrhage (IVH), periventricular 
leukomalacia (PCVL), hydrocephalus, bronchopulmonary 
dysplasia, necrotizing enterocolitis (NEC), and patent 
ductus arteriosus. Increased apnea, IVH, and PCVL were 
found in infants transfused by the restrictive guideline in a 
study by Bell and colleagues (2005). However, it is difficult 
to identify that the cause for apnea, IVH, and PVL was 
the RBC transfusion and not the condition of the ELBW 
infant. Moreover, Kirpalani and colleagues (2006) found 
no differences in serious outcomes between infants in 
the restrictive group versus liberal group. The Premature 
Infants in Need of Transfusion (PINT) study by Kirpalani 
and colleagues (2006) also looked at outcomes at 18 
months from discharge measuring neurologic disability 
as evidenced by cerebral palsy, developmental delay (IQ 
> 2 standard deviations as assessed by the Bayley Score 
of Infant Development), visual impairment (visual acuity 
< 20/200 in best eye), or deafness (hearing loss requiring 
amplification of cochlear implantation). The outcome 
(e.g., cerebral palsy, intellectual delay, visual or hearing 
impairment) did not suggestively occur more often in 
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either of the groups (Kirpalani et al., 2006). Consequently, 
the findings cannot be accepted as proven at this time, nor 
has an association between RBC transfusion practices and 
neurological damage been established. 

Another topic of debate focuses on several studies 
indicating the possibility of transfusion-associated 
necrotizing enterocolitis (TANEC), including 11 
retrospective case-control studies. Association between 
transfusion and NEC was defined as onset of NEC 48 
hours after a blood transfusion. Ten studies reported this 
outcome. However, the infants who developed TANEC 
were at higher risk of mortality overall. Infants were 
younger by 1.5 weeks, had birth weights of approximately 
500 grams, had a patent ductus arteriosus, and were more 
likely to have severe respiratory distress (Mohamed & 
Shah, 2012). Many institutions will hold feedings during a 
packed RBC transfusion and believe it decreases the risk 
of NEC. The results are of great interest, but the reviews 
are limited in that most are single-center studies. Further 
research is needed before a definitive association between 
RBC transfusion and NEC can be established.

Additional adverse effects exist with RBC transfusions 
and include the potential risks of infectious disease, graft 
versus host disease, and hyperkalemia (Salsbury, 2001). 
Cytomegalovirus, human immunodeficiency virus, and 
hepatitis can all be acquired through infection from a blood 
transfusion. Graft versus host disease is caused by an immune 
system response that can occur in the recipient of a blood 
transfusion in response to donor blood. The body recognizes 
the blood as foreign and can result in fever, rash, jaundice, 
diarrhea, pulmonary insufficiency, and pancytopenia 
(Salsbury, 2001). Prevention is key with this complication 
and can be accomplished by using blood that is irradiated. 
Hyperkalemia is the result of potassium leaking out of the 
stored donor erythrocytes. Increased storage time of blood 
increases the leakage of potassium. Thus, using fresh or 
washed blood for transfusion may prevent this complication. 
Although risks still do exist with blood transfusion, many 
have been successfully controlled through standard blood 
donor screening and blood banking practices.

Anemia of prematurity results from a normal 
physiologic process that occurs in all preterm newborn 
infants. Severity of anemia varies depending on gestational 
age, severity of illness, rapid body growth, poor iron stores, 
and iatrogenic blood loss from lab draws. The physiology 
and pathophysiology of anemia of prematurity are well 
understood. Nevertheless, prevention and treatment 
strategies for anemia of prematurity are debatable and clear 
guidelines do not exist. It is therefore important to be able 
to recognize the subtle, nonspecific signs and symptoms of 
anemia of prematurity and implement the preventive and 
treatment options available.

Clinical Practice Pearls
 1. RBC transfusion is the key treatment modality for 

the anemia of prematurity.
 2. Further studies are needed to prove any relationship 

between blood transfusions and NEC and brain 
injury. 

 3. Vigorous attempts must be made to limit volumes of 
blood drawn for laboratory testing.

Areas for Further Research
Despite the progress made over the years in neonatal blood 
transfusion policies and practices, the safe lower limits for 
HCT transfusion thresholds are undetermined, and there 
is still hesitation regarding the benefits of maintaining 
a higher level. These reservations affect decisions based 
on maintaining HCT target levels. Facilities may achieve 
this in different ways, such as by transfusion, EPO 
therapy, or restrictions on blood sampling. The topic 
of iron supplementation in preterm infants deserves 
further research. The existing data suggest that iron 
supplementation may be effective in maintaining adequate 
iron levels and reducing the prevalence of iron deficiency 
anemia that requires transfusion in low-birth-weight, 
premature infants (Long et al., 2012). However, evidence 
is lacking and a definitive statement has not been proven 
regarding the effects of iron supplementation on anemia 
of prematurity, neurodevelopment, or the occurrence of 
adverse effects in low-birth-weight, premature infants. 
Studies comparing the cost effectiveness of varying 
strategies for maintaining HCT levels in very-low-birth-
weight infants would also be helpful.
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Posttest and Evaluation Instructions
To access the posttest and evaluation, click here or visit 
NANNStore.org (from the NANN Store, log into your 
account at the top of the page, then click on My Account 
and select My CEs and Evaluations from the dropdown 
menu).
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Crossword Puzzle Study Guide—Anemia of Prematurity: To Transfuse or Not to Transfuse

Across Down
1. Hemoglobin and hematocrit nadir of the preterm infant is reached at 
approximately four to __________________ weeks of life.
2. In order to appropriately treat anemia of prematurity it is necessary to 
__________________ with packed red blood cells.
6. A __________________ count helps measure how fast red blood 
cells called reticulocytes are made by the bone marrow.
8. Factors that contribute to anemia of prematurity include poor 
__________________ stores.

1. A third factor responsible for anemia of prematurity is decreased 
________________ production.
3. Signs and symptoms of anemia of prematurity include changes 
in the infant’s baseline activity, such as increased number in 
________________and bradycardia episodes.
4. Evidence is lacking and a definitive statement has not been proven 
regarding the ________________ of iron supplementation on anemia 
of prematurity.
5. It is important to be able to recognize the ________________, 
nonspecific signs and symptoms of anemia of prematurity and implement 
the preventive or treatment options available.
7. Erythropoietin is a glycoprotein produced mainly in the fetal 
________________.
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Posttest
 1. A nadir hemoglobin of _________ can be defined as physiologic anemia in the term infant.

 a. 10 g/dL–15 g/dL
 b. greater than 20 g/dL
 c. less than 10 g/dL
 d. 5 g/dL–7 g/dL

 2. __________ do/does not contribute to anemia of prematurity.
 a. Poor iron stores
 b. Frequent lab draws
 c. Weight gain
 d. Shorter lifespan of packed red blood cells

 3. A major cause of neonatal anemia is _______________.
 a. unresponsive bone marrow
 b. inadequate production of erythropoietin 
 c. an increase in reticulocyte count
 d. an increase in hemoglobin level

 4. The lifespan of a fetal red blood cell is ______________.
 a. 120 days
 b. 50 days
 c. 60–90 days
 d. 150–200 days

 5. Erythropoietin production in the neonate takes place in the __________.
 a. brain
 b. heart
 c. kidney
 d. liver

 6. Symptoms of anemia in the preterm infant include all of the following except __________.
 a. decrease in heart rate 
 b. increase in supplemental oxygen needs
 c. metabolic acidosis
 d. increased number of apnea and bradycardia episodes

 7. _________ indicates an increase in bone marrow erythropoiesis.
 a. Total bilirubin
 b. Reticulocyte count 
 c. Electrolyte panel
 d. Hematocrit

 8. Institutions may administer __________ as treatment for anemia of prematurity.
 a. a normal saline bolus
 b. recombinant human erythropoietin  
 c. vitamin K
 d. intravenous immunoglobulin
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 9. ___________ is not an adverse effect of RBC transfusions.
 a. Hypokalemia 
 b. Fever
 c. Rash
 d. Hyperkalemia

 10. In order to involve parents in the process, ________ can be presented as an option. 
 a. the direct donor program 
 b. going home during the transfusion 
 c. not visiting for 24 hours
 d. not holding the infant while transfusing


