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Summary

Transfusion of red blood cells (RBCs), platelets and fresh frozen plasma (FFP) in neonatal 

patients has not been well characterized in the literature, with guidelines varying greatly 

between institutions. However, anemia and thrombocytopenia are highly prevalent especially in 

preterm neonates. When transfusing the neonatal patient, clinicians must take into consideration 

physiologic differences, gestational and postnatal age, congenital disorders, and maternal factors 

while weighing the risks and benefits of transfusion. This review of existing literature will 

summarize current evidence-based neonatal transfusion guidelines and highlight areas of current 

ongoing research and those in need of future studies.
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Introduction

Although a critical therapy in the management of hospitalized pediatric patients1,2, 

transfusion of red blood cells (RBCs), platelets and fresh frozen plasma (FFP) in neonatal 

patients has not been well characterized in the literature, with few studies describing 

the indications and recommendations for transfusion in this unique patient population. 

Anemia and thrombocytopenia are highly prevalent especially in preterm neonates, with the 

majority of premature infants in neonatal intensive care units (NICUs) requiring at least one 

transfusion in the first week of life3,4.
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Physiologic differences between neonates and older infants and children must be taken into 

account when considering transfusion of blood products. The neonatal period encompasses 

the first four weeks after birth (<28 days old) and includes both full term (>39 weeks 

gestational age) as well as premature infants (any neonate born before 37 completed 

weeks of gestation). The majority of preterm infants requiring transfusion are very-low-

birth-weight (VLBW), weighing <1,500 grams and extremely-low-birth-weight (ELBW), 

weighing <1,000 grams5. When evaluating neonates with anemia, thrombocytopenia, 

bleeding, or coagulopathy, the clinician should consider gestational and postnatal age, 

congenital disorders, maternal factors, and transplacental antibody transfer. In addition, 

neonates have smaller blood volumes relative to larger children or adults, so potentially 

toxic exposures or antibodies present in transfused products may be more likely to result in 

clinically relevant consequences6,7.

Unlike in the more well-studied adult population, guidelines for transfusion in neonates 

varies greatly worldwide and between institutions8–11. More recently, a growing body 

of research has focused on delineating neonatal transfusion specifics. This review of 

existing literature will summarize current evidence-based neonatal transfusion guidelines 

and highlight areas of current ongoing research and those in need of future studies.

Fetal and Neonatal Hematopoiesis

Term neonates—When making the decision to transfuse during the neonatal period, it 

is important to understand fetal and neonatal hematopoiesis. Hemoglobin concentration 

increases progressively throughout gestation and peaks after birth. A full-term neonate has 

a hemoglobin value of 16 to 17 g/dL at term, which may increase by 1 to 2 g/dL due to 

placental transfusion at birth and may vary depending on timing of cord clamping. There is 

a gradual decline in hemoglobin concentration to a nadir of 11–12 g/dL at 8 weeks, termed 

physiologic anemia12. Erythropoiesis then accelerates, followed by a rise in hemoglobin.

Premature Neonates—Physiologic anemia can be more pronounced in premature 

infants, and the decline in hemoglobin may occur earlier. In addition, premature infants 

often have a marked decrease in hemoglobin concentration, termed anemia of prematurity. 

Anemia of prematurity is due to a combination of a lower hemoglobin at birth based on 

gestational age, reduced RBC lifespan, decreased production of endogenous erythropoietin, 

hypo-regenerative bone marrow, medical complications and frequent blood sampling, all 

resulting in a limited response to anemia13.

NEONATAL RED BLOOD CELL TRANSFUSION

RBC transfusion is a critical intervention to increase oxygen carrying capacity in the anemic 

neonate. In addition to severe anemia, indications of transfusion in the early neonatal period 

can include acute blood loss, hypotension, hypovolemia or to improve oxygen-carrying 

capacity in infants with respiratory failure14. Although often life-saving, transfusions also 

have the potential to cause adverse effects including hemolytic transfusion reactions, 

alloimmunization, infections, volume overload, allergic reactions, or iron excess15,16. 

Therefore, especially in the vulnerable neonatal population, it is essential to establish 

guidelines to determine when transfusion is indicated.
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Strategies to Limit RBC Transfusions in Neonates

Preventive strategies to decrease the incidence of anemia and resultant use of RBC 

transfusions in neonates have been employed, with variable success.

Limiting Phlebotomy Losses—Phlebotomy-related blood losses can be minimized by 

alterations in practice, including use of point-of-care devices, minimizing unnecessary 

laboratory testing, in-line arterial testing, and optimizing frequency and volume of blood 

draws. In addition, umbilical cord blood can be utilized for neonatal blood type and screen, 

complete blood count with differential, and blood culture17. Although there is a chance that 

confirmatory testing may be needed due to interference from Wharton’s jelly, use of cord 

blood in initial testing can significantly decrease blood loss due to phlebotomy. Employment 

of these strategies has been shown to decrease phlebotomy losses and/or the need for RBC 

transfusion and should be considered, especially in the VLBW premature infant18.

Delayed Cord Clamping—Delayed cord clamping (≥30 seconds) has recently been 

utilized to increase the initial hematocrit of neonates at birth. This practice has shown to 

significantly decrease the number of transfusions needed in neonates and is associated with 

a lower incidence of intraventricular hemorrhage and acute gut injury as well as a decrease 

in hospital mortality when compared to immediate cord clamping19–23. However, delayed 

cord clamping has not been well-studied in the group of neonates who most often require 

transfusion, VLBW neonates. This high-quality evidence supports current guidelines from 

the American College of Obstetricians and Gynecologists (ACOG) recommending delayed 

cord clamping in premature infants20,22.

Pharmacologic Interventions—Recombinant human erythropoietin (EPO) has been 

used in an attempt to diminish the severity of or to treat anemia of prematurity as well as to 

decrease the need for RBC transfusion in premature neonates. While EPO has been shown 

to effectively stimulate erythropoiesis in premature infants, initial studies were conflicting 

in demonstrating a reduction in the need for RBC transfusion or on improvement in overall 

neurologic outcome24–28. Ohls, et al reported that administration of darbepoetin or EPO 

to premature infants resulted in both a decreased number and volume of transfusions26 

as well as improved cognitive outcome at 18–22 months27. In contrast, a multicenter 

randomized controlled trial (PENUT trial) in 2020 found no significant difference in the 

incidence of death or severe neurodevelopmental impairment at 2 years of age in 741 

extremely premature infants that were randomized to receive placebo or high-dose EPO28. 

However, a post-hoc analysis reported that infants receiving EPO required transfusion of 

a significantly decreased volume of RBCs after 10 days of life compared to placebo29. 

Therefore, particularly as patient blood management strategies are critical, EPO is being 

considered to decrease the need for RBC transfusion in premature infants.

Further contributing to anemia, premature infants have a relative deficiency in iron stores as 

a result of incomplete iron transport from the mother to the fetus prior to birth30. The use of 

iron supplementation has been shown to slightly increase the hemoglobin level in premature 

and low birth weight infants, while improving overall iron stores and decreasing the risk 

of developing iron deficiency anemia31. Of note, a study of VLBW infants demonstrated 
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that both higher cumulative dose of enteral iron supplementation and total volume of 

RBCs transfused were independently associated with the development of bronchopulmonary 

dysplasia (BPD)32. The optimal dosing and timing of iron supplementation as well as 

mechanisms underlying the association remains to be studied.

Potential Risks of RBC Transfusion in the Neonate

Determining the optimal hemoglobin concentration at which transfusion is indicated is 

imperative in premature infants due to their higher likelihood of requiring transfusion 

resulting from lower hemoglobin levels at birth, iatrogenic losses from phlebotomy and 

anemia of prematurity. Although RBC transfusions can be life-saving for neonates with 

severe anemia or bleeding, there are inherent risks associated with transfusion that must be 

considered. Additionally, RBC transfusion continues to be studied to determine potential 

contribution to some of the major causes of morbidity and mortality in preterm infants, 

including necrotizing enterocolitis (NEC), BPD, intraventricular hemorrhage (IVH), or 

death33–35. Conversely, some studies have raised concerns regarding risks associated with 

delaying transfusion and allowing more permissive levels of anemia in preterm infants36.

RBC Transfusion and Necrotizing Enterocolitis—NEC is a devastating disease in 

neonates, accounting for 1 in 10 deaths in United States NICUs37. The etiology of NEC 

remains incompletely understood and further delineating the underlying risk factors remains 

an important area of research. Although previous data have been conflicting38, a recent study 

showed that among VLBW infants, severe anemia (≤8 g/dL), but not RBC transfusion 

was associated with an increased risk of NEC39. Additionally, it was also noted that 

anemic infants were at higher risk of developing NEC than infants with normal hemoglobin 

concentrations36. This is further supported by previous studies suggesting that immune 

dysregulation underlies NEC development40–43, combined with recent studies demonstrating 

an increase in the proinflammatory cytokine interferon gamma in VLBW preterm infants 

with anemia, suggesting this may predispose them to the development of NEC44.

Neurologic Outcome in Premature Neonates—Of particular importance in preterm 

infants is the development of neuroprotective strategies to improve overall outcome. 

Large periventricular hemorrhagic infarctions in neonates are associated with poor 

neurodevelopmental outcomes, and are more likely to occur with wide fluctuations in blood 

pressure and blood flow through the delicate capillary beds in premature infants45. Previous 

studies have suggested an association between IVH in VLBW infants and transfusions 

administered during the first few days following delivery8,46,47. However, the development 

of IVH in preterm neonates is certainly multi-factorial48. Regardless, children born preterm, 

and especially those that are VLBW, are at higher risk of long-term neurologic sequelae 

than term infants, including major impairments such as cerebral palsy, intellectual disability, 

deafness, or blindness49,50 as well as behavioral and psychiatric disorders51–53. Therefore, 

it is essential to identify evidence-based transfusion practices in order to define the benefits 

and risks associated with RBC transfusion, especially in this neurologically vulnerable 

premature population of infants.

Zerra and Josephson Page 4

Clin Lab Med. Author manuscript; available in PMC 2022 April 18.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Optimal RBC Transfusion Thresholds in Neonates

Two previous large randomized controlled trials (RCTs) aiming to define neonatal RBC 

transfusion thresholds reported conflicting results regarding neurocognitive outcomes in 

preterm neonates receiving liberal compared to restrictive transfusion thresholds54,55. This 

important issue has been reexamined recently with two additional RCTs, with the goal of 

providing evidence-based recommendations for clinicians (Table 1).

The Effect of Transfusion Thresholds on Neurocognitive Outcomes (ETTNO) 
Trial—Results from the Effect of Transfusion Thresholds on Neurocognitive Outcomes of 

extremely low birth weight infants (ETTNO) trial have recently been published56. This 

RCT, conducted in 36 NICUs in Europe, enrolled ELBW infants who were randomized to 

receive RBC transfusion based on liberal (Hct 34–41% in critical and 28–35% in non-critical 

infants) versus restrictive (Hct 27–34% in critical and 21–28% in non-critical infants) RBC 

transfusion thresholds. In addition to current state of health, the hematocrit trigger thresholds 

of each group were assigned based on postnatal age (<7 days, 8–21 days, or >21 days old). 

The primary outcome of death or disability (defined as cognitive deficit, cerebral palsy, or 

severe visual or hearing impairment) at 24 months corrected age did not differ between 

neonates randomized to liberal or restrictive transfusion groups.

The Transfusion of Prematures (TOP) Trial—The Transfusion of Prematures (TOP) 

trial is a multi-center study in the United States sponsored by the National Institute of 

Child Health and Human Development (NCT01702805). It randomizes ELBW infants with 

gestational age <29 weeks to receive RBC transfusion based on a liberal (Hct 32–38% in 

infants receiving respiratory support and 29–35% in infants without respiratory support) 

or restrictive (Hct 25–32% in infants receiving respiratory support and 21–29% in infants 

without respiratory support) hemoglobin thresholds. Similar to the ETTNO trial, different 

thresholds were used based on postnatal age. The primary outcome was survival and rates 

of neurodevelopmental impairment at 22–26 months corrected age. Preliminary findings in 

a recently presented abstract agreed with the findings in the ETTNO trial, demonstrating no 

difference between infants in the liberal vs restrictive groups57.

Limitations to ETTNO and TOP Trials—The vast heterogeneity of critically ill patients 

contributes to the difficulty in interpretating the results of clinical trials. An important caveat 

of both the ETTNO and TOP trials is that neonates were not randomized to the most 

restrictive hematocrit levels until they were older than 21 days. Instead, during the first 

2 weeks of life, less restrictive thresholds were used. Additionally, the restrictive level of 

~Hb 8–10 or higher if the infant was critically ill or receiving respiratory support is still 

higher than the usual restrictive levels used at most institutions for pediatric patients. Thus, 

although the studies did not observe a difference in primary outcome between the restrictive 

and liberal transfusion groups, an important question that remains to be determined is 

whether early anemia and/or prolonged anemia results in potential detrimental effects. 

Future studies are needed to fully inform clinicians on the proper transfusion support 

parameters for neonates to achieve the best ultimate outcome.
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Also, of note, the above neonatal transfusion trials function to compare liberal versus 

restrictive transfusion strategies based on laboratory thresholds alone (hemoglobin or 

hematocrit). However, cell count alone may not be an accurate predictor of physiologically 

relevant outcomes such as tissue oxygen delivery58, especially in neonates with varying 

levels of illness, age and gestational age. Studies are needed to identify more all-inclusive 

markers of clinical outcome as well as including long term outcomes due to the 

immunomodulatory effects of transfusion that may have effects on neurodevelopment, 

immunity, and inflammation.

RBC Product Selection for Neonates

Once the decision has been made to transfuse RBCs, the most appropriate product must be 

chosen. There is little guidance available regarding appropriate blood product collection, 

storage, and pathogen testing in the neonatal population. These topics are covered in 

more detail in Chapter 5: Inventory Management and Product Selection in Pediatric Blood 

Banking.

Special considerations in the neonatal patient include ABO compatibility, total blood 

volume, immaturity, immunosuppression, immunodeficiencies, and blood donor exposure. 

Factors to consider when choosing type of RBC product to administer to a premature 

infant or neonate include type of anticoagulant-preservative solution (CPDA-1 vs. additive 

solutions – AS-1, AS-3, etc)59, potassium load which varies depending on the unit 

storage length, and risk of citrate toxicity. Generally, specific RBC product selection 

recommendations for neonates are not necessary when small-volume transfusions (i.e. < 

20 mlmL/kg of RBCs) are administered.

Fresh vs stored RBCs—A recent RCT demonstrated no difference in outcome when 

utilizing fresh (≤7 days) versus standard-issue RBCs in premature very-low-birth-weight 

infants60. Accordingly, the clinical practice guidelines from the AABB recommend that 

standard-issue RBC units are administered to neonates rather than limiting to transfusion of 

fresh (<10 days) RBC units61.

When large-volume transfusions are required, such as in cases of hypotensive shock, 

extracorporeal membrane oxygenation (ECMO), exchange transfusion, or cardiopulmonary 

bypass, there is a risk of elevations in plasma potassium from stored units. In this situation, 

it may be prudent to consider fresher, washed, or volume-reduced RBCs which all have 

lower potassium loads62,63. Additionally, calcium levels should be closely monitored in 

the neonate requiring multiple transfusions due to the risk of citrate toxicity and resultant 

hypocalcemia.

ABO Group and Antibody Screen—During pregnancy, transplacental transfer of 

maternal immunoglobulin G (IgG) antibodies to the fetus can occur, and this can include 

anti-RBC antibodies. With maternofetal hemorrhage, immunoglobulin M (IgM) antibodies 

may be transferred. Therefore, when selecting RBC units for transfusion in the neonate, they 

must be compatible with both the neonatal blood type as well as any maternal antibodies 

present. Due to this, many institutions will transfuse group O RBCs to all neonates, however, 
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ABO-specific blood can be transfused if tests determine there are no anti-A, anti-B or 

anti-A,B IgM or IgG maternal antibodies present directed towards the neonate’s RBCs64.

When performing an antibody screen prior to transfusion of a neonate, maternal blood can 

serve as the source as any antibodies present originated in the mother. A negative initial 

antibody screen in a neonate does not need to be repeated during a hospitalization until 4 

months of age64, as the immature immune system of a neonate rarely produces antibodies 

in response to RBC transfusion. If an antibody is detected, antigen-negative units should 

be provided until it has been determined that the antibody has cleared from the infant’s 

circulation.

Limiting donor exposure—Many institutions attempt to limit donor exposure by 

reserving specific units for neonates, and retrieving sterile docked aliquots for transfusion to 

be drawn off as needed until outdate of the unit5,65,66. Transfusion of aliquots from the same 

donor in instances where multiple transfusions are required can minimize potential risks that 

can be associated with transfusion of blood components from multiple donors.

Cytomegalovirus transmission in neonates—Of specific interest in the developing 

neonate is mitigating the risks of transfusion-transmitted (TT) infections with known 

clinical complications in this vulnerable population. In addition to other groups of 

immunocompromised patients, premature neonates are a high-risk group for severe 

disseminated infection from cytomegalovirus (CMV). During latent CMV infection, the 

virus is associated with mononuclear leukocytes, therefore, leukocyte reduction decreases 

the risk of TT-CMV67–71. A small number of clinical trials have estimated the risk of 

acquiring CMV from leukocyte reduced blood to be well below 1%67–72. Although small, 

there remains a risk of asymptomatic CMV-seronegative donors in early stages of infection 

transmitting CMV through virus particles in plasma73,74.

A prospective study of VLBW infants reported no CMV infection after transfusion of 2081 

blood products that were both leukocyte reduced and CMV seronegative75. Furthermore, 

a prospective observational study did not find any cases of TT-CMV in VLBW infants 

who received either leukocyte reduced blood products or both leukocyte reduced and CMV 

seronegative products76. Notably, most neonatal CMV cases result from transmission from 

the mother most often by maternal breast milk rather than transfused blood products. 

Therefore, it is reasonable to assume that leukocyte reduced blood components reduces 

the risk of TT-CMV to that similar to CMV-negative products without window period 

breakthrough.

In light of the above evidence, a reasonable approach is administration of blood products 

with reduced risk of CMV transmission (CMV-seronegative if available or leukocyte 

reduced) to premature neonates with a birth weight of <1500g prior to their initial discharge 

home. Future studies should focus on the efficacy and safety of pathogen inactivation 

approaches in neonates, especially on extremely preterm neonates.
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NEONATAL PLATELET TRANSFUSION

Thrombocytopenia in the Neonate

Thrombocytopenia is common in the neonate, and can affect an estimated 1–2% 

of otherwise healthy newborns. Critically ill neonates have an even higher rate of 

thrombocytopenia with 20–35% having platelets counts of <150,000/μL77. The incidence 

increases with decreasing gestational age with approximately 70% of VLBW neonates 

experiencing thrombocytopenia77,78. The differential diagnosis of thrombocytopenia in 

neonates is broad, and includes intrauterine infection, placental insufficiency, neonatal 

sepsis, drugs, and immune thrombocytopenia79. Approximately 20–25% of affected 

neonates receive at least one platelet transfusion78,80, which is administed in the majority of 

cases not for bleeding, but when the platelet counts reaches an arbitrary threshold10,80.

The incidence of bleeding in neonates increases with decreasing gestational age, with a 

prospective observational study showing a 63% incidence of bleeding in infants <28 weeks 

gestation compared to 14% in infants >28 weeks gestation81. The most severe bleeding 

complication in neonates is IVH, which, when present, has the potential to affect long-term 

neurodevelopmental outcomes10. However, the risk of bleeding in neonates is not correlated 

well with overall platelet counts, making it difficult to determine the proper threshold at 

which transfusions should be administered81.

Physiologic Differences Between Neonatal and Adult Platelets

Platelet function and risk of bleeding is challenging to assess in the neonate, as neonatal 

platelets are hyporeactive to several of the agonists used to test function in the laboratory. 

Despite this, tests of primary hemostasis are normal or even show shorter bleeding and 

closure times than adults82,83. This is in part, due to other differences including higher 

hematocrits and increased von Willebrand factor concentrations in neonates. Ongoing 

studies focused on the development of tools to evaluate platelet function and whole blood 

hemostasis in an individual neonate may be able to more specifically address the need for a 

platelet transfusion84. These differences between the neonatal and adult hemostatic system 

should be kept in mind when considering transfusion of platelets, and when determining 

thresholds for transfusion.

Platelet Transfusion Thresholds in the Neonate

The goal of prophylactic platelet transfusion is bleeding prevention, however a neonate’s 

platelet count and bleeding risk are not directly correlated85. Moreover, platelet transfusions 

are not without risk86. Data is limited, but much improved recently with newer studies, to 

guide platelet transfusion in preterm and more mature neonates, due to limited clinical trials 

in this patient population87. However, there have been some recent advances contributing to 

platelet transfusion strategies in the premature neonate, with three recently completed RCTs 

(Table 2).

A large RCT, performed over 30 years ago, found there was no increase in the development 

of new intracranial hemorrhage (ICH) or worsening of existing ICH when premature 

thrombocytopenic infants were randomized to receive platelet transfusions at thresholds of 
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either 50,000 or 150,000/μL. The study did conclude that there was a decreased use of FFP 

and RBC transfusions when transfusing platelets at a higher threshold88. However, the lower 

threshold in the study (50,000/μL) is significantly higher than that used commonly in current 

clinical practice.

Most recently in 2019, the PlaNeT-2 RCT compared two different platelet transfusion 

thresholds (25,000/μL versus 50,000/μL) in premature infants born at <34 weeks gestational 

age89. They reported a significantly higher incidence of death or major bleeding in the group 

of neonates receiving platelet transfusion with a threshold of 50,000/μL compared to those 

randomized to receive transfusion at a threshold of 25,000/μL. Moreover, there was also a 

higher incidence of BPD in the higher threshold group, further supporting the use of a more 

restrictive transfusion threshold in premature infants.

A sub analysis of the PlaNeT-2 trial more closely examined the risk of major bleeding 

or death in the lowest and highest risk infants included in the trial. Regardless of risk 

category, neonates had a better outcome when a lower platelet count threshold was used, 

with the highest risk infants gaining the greatest benefit86. Additional studies have provided 

further evidence to support lower platelet transfusion thresholds in nonbleeding premature 

neonates85,90,91.

A third recent RCT reported there was no effect of platelet transfusion threshold 

(100,000/μL vs 20,000/μL) on time to closure of patent ductus arteriosus (PDA) in 

premature neonates92. However, they did note more cases of IVH among the infants 

receiving platelet transfusions to keep platelet count >100,000/μL.

Limitations of Previous Platelet Threshold Trials—These studies support the 

implementation of a restrictive platelet transfusion guideline in premature infants. However, 

premature neonates included in these studies were of a wide postnatal and gestational age. 

In addition, the clinical status of a neonate should be considered in order to determine 

the proper platelet threshold. A study investigating full term neonates is needed, as is one 

examining VLBW premature infants and the most critically ill neonates to more clearly 

define the effect of lower thresholds during the first week of life and the highest risk period 

of bleeding93.

Current Neonatal Platelet Transfusion Recommendations—With the currently 

available studies, a reasonable approach for VLBW infants would be to transfuse for platelet 

levels <25,000/μL if not bleeding, more than 7 days old, and not having a procedure in 

the next 24 hours. For other groups of neonates, the platelet transfusion threshold should 

take into account the patient’s clinical severity and risk of bleeding, as well as risk of 

other comorbidities that may be associated with platelet transfusion. In general, platelet 

transfusions are indicated when there is significant thrombocytopenia with active bleeding, 

or when there is an increased risk of IVH, which is typically defined as a platelet count of 

<30,000/μL.
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Platelet Product Selection in the Neonate

Product selection is covered in great detail in Chapter 5: Inventory Management and 

Product Selection in Pediatric Blood Banking. However, we will discuss briefly here 

the issue of ABO-mismatched platelet transfusions in the neonatal population. ABO-

compatible or identical platelets are ideally transfused to avoid the transfer of incompatible 

isohemagglutinins (anti-A, anti-B, or anti-A,B antibodies) found in plasma to the recipients, 

resulting in potential RBC hemolysis7,94. Although uncommon, there are case reports 

describing morbidity and mortality in neonates and children receiving ABO-incompatible 

platelet transfusions7,95–97. In most cases, O-donor platelets (containing anti-A) have 

resulted in complications in patients with blood type A. This is of particular concern in 

neonates, particularly premature and VLBW infants, due to their small plasma volume 

and inability to dilute out the passive transfer of antibodies following platelet transfusion. 

Therefore, all attempts should be made to administer ABO-identical or compatible platelet 

transfusion in this population. However, as it can be difficult to obtain ABO-compatible 

platelets due to product shortages, alternate, though less ideal strategies include washing 

or volume reducing ABO-mismatched platelets. Additionally, although further research is 

needed to determine ideal “safe” antithetical antibody titers, administration of low-titer 

anti-A platelet units to neonates in these cases would be reasonable7.

Fetal and Neonatal Alloimmune Thrombocytopenia (FNAIT)

Fetal and neonatal alloimmune thrombocytopenia is the result of passively acquired maternal 

IgG anti-platelet antibodies that cross the placenta and mediate destruction of fetal platelets. 

The majority of cases of FNAIT are the result of maternal antibodies developing against 

the paternally inherited platelet antigen human platelet antigen 1a (HPA-1a), but can 

also include a number of other antigens, with their incidence depending on the mother’s 

ancestry98–101.

FNAIT occurs in 1 to 10 per 10,000 live births, with severe thrombocytopenia and ICH 

occurring in 3 to 10 per 100,000 infants102–104. Roughly 40–60% of cases of FNAIT 

affect a woman’s first pregnancy and ~90% of subsequent pregnancies are affected, with 

severe disease occurring more often. Severely affected infants have early-onset severe 

thrombocytopenia and bleeding including petechiae, purpura and mucocutaneous bleeding. 

There is a 10–20% risk of neonates with platelet counts of <50,000/uL of developing ICH99.

Although maternal antibodies are cleared within 1–3 weeks, due to the risk of severe 

bleeding during this time, treatment may be indicated. There is variable evidence of the 

efficacy of IVIG and corticosteroids in raising the platelet count in neonates affected by 

NAIT105,106. Platelet transfusion may be indicated prophylactically in the first week of life 

for platelet counts <50,000/μL, with a more restrictive threshold of 30,000/μL often used 

in stable infants afterwards. A bleeding infant with thrombocytopenia and suspected NAIT 

should receive transfusion of the most readily available platelet unit without delay. Use 

of platelets that express the targeted antigen will transiently increase the platelet count, 

although transfusion of antigen negative platelets or washed and irradiated maternal platelets 

may be needed107–110.
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NEONATAL PLASMA TRANSFUSION

Plasma transfusion in neonates is often utilized incorrectly111–116. This may, in part, be 

due to the lack of evidenced-based guidelines available to guide transfusion of FFP in the 

pediatric patient population. It is essential to determine the clinical scenarios in neonates that 

require transfusion of plasma, and to differentiate those in which an alternate product, such 

as a specific factor concentrate, should be used. Of note, in the absence of bleeding, plasma 

should not be transfused empirically, or for an elevated INR alone112–118. In addition, 

plasma is not indicated for volume expansion, and routine and prophylactic use of plasma 

has not been shown to reduce the mortality of premature infants119.

Indications for Plasma Transfusion

Although evidence-based guidelines are scarce in the neonatal population, there are a 

number of clinical conditions in neonates that require the transfusion of plasma. Sepsis, 

disseminated intravascular coagulopathy, liver disease, congenital or acquired Vitamin K 

deficiency, trauma or dilutional effects of massive transfusion all have the potential to result 

in global coagulopathy in the neonate120–124.

In patients diagnosed with suspected or confirmed congenital thrombotic thrombocytopenic 

purpura (TTP), therapeutic plasma exchange should be performed with plasma as the 

replacement fluid to replenish ADAMTS13125. Plasma is also used to reconstitute whole 

blood to be used for neonatal exchange transfusion as well as, in some cases, to prime 

both cardiothoracic surgery circuits as well as ECMO circuits. However, there is variability 

between institutions and conflicting data on the best combination of products to utilize when 

priming circuits126–131.

Coagulation Factor Deficiencies—It can be difficult to establish a diagnosis of a 

specific coagulation factor deficiency due to physiologically decreased levels of some 

coagulation proteins in neonates as a result of the normal development of the coagulation 

system. For example, most coagulation factors in a neonate (factors II, VII, IX and X, XI 

and XII) are roughly 50% the adult levels and gradually increase until 6 months of age. 

Conversely, levels of factors V and XIII and fibrinogen at birth are similar to adult levels, 

and factor VIII and von Willebrand factor levels rise at birth and remain elevated for the first 

6 months132. This functional immaturity of the coagulation system can lead to challenges 

interpreting results and reaching a diagnosis.

Plasma is indicated to replace specific coagulation factors when factor concentrates are 

not available, particularly Factors V and XI, for which specific factor concentrates are not 

available in the United States117,118,133,134. In addition, if a congenital bleeding disorder is 

suspected, it is prudent to administer plasma in a bleeding patient while awaiting definitive 

testing122.

Funding:

This work was supported in party by funding from P01 HL046925 to CJ. Additional support was from funding from 
the NICHD Child Health Research Career Development Award Program, K12HD072245 Atlanta Pediatric Scholars 
Program to PEZ.

Zerra and Josephson Page 11

Clin Lab Med. Author manuscript; available in PMC 2022 April 18.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



References

1. Jacquot C, Mo YD, Luban NLC. New Approaches and Trials in Pediatric Transfusion Medicine. 
Hematol Oncol Clin North Am. 2019;33(3):507–520. [PubMed: 31030816] 

2. Cure P, Bembea M, Chou S, et al. 2016 proceedings of the National Heart, Lung, and Blood 
Institute’s scientific priorities in pediatric transfusion medicine. Transfusion. 2017;57(6):1568–
1581. [PubMed: 28369923] 

3. Levy GJ, Strauss RG, Hume H, et al. National survey of neonatal transfusion practices: I. Red blood 
cell therapy. Pediatrics. 1993;91(3):523–529. [PubMed: 8441554] 

4. Hume H, Blanchette V, Strauss RG, Levy GJ. A survey of Canadian neonatal blood transfusion 
practices. Transfus Sci. 1997;18(1):71–80. [PubMed: 10174295] 

5. Fabres J, Wehrli G, Marques MB, et al. Estimating blood needs for very-low-birth-weight infants. 
Transfusion. 2006;46(11):1915–1920. [PubMed: 17076846] 

6. Zubairi H, Visintainer P, Fleming J, Richardson M, Singh R. Lead exposure in preterm infants 
receiving red blood cell transfusions. Pediatr Res. 2015;77(6):814–818. [PubMed: 25760547] 

7. Josephson CD, Castillejo MI, Grima K, Hillyer CD. ABO-mismatched platelet transfusions: 
strategies to mitigate patient exposure to naturally occurring hemolytic antibodies. Transfus Apher 
Sci. 2010;42(1):83–88. [PubMed: 20034854] 

8. Bednarek FJ, Weisberger S, Richardson DK, Frantz ID 3rd, Shah B, Rubin LP. Variations 
in blood transfusions among newborn intensive care units. SNAP II Study Group. J Pediatr. 
1998;133(5):601–607. [PubMed: 9821414] 

9. Kahn DJ, Richardson DK, Billett HH. Inter-NICU variation in rates and management of 
thrombocytopenia among very low birth-weight infants. J Perinatol. 2003;23(4):312–316. [PubMed: 
12774140] 

10. Josephson CD, Su LL, Christensen RD, et al. Platelet transfusion practices among neonatologists 
in the United States and Canada: results of a survey. Pediatrics. 2009;123(1):278–285. [PubMed: 
19117893] 

11. Cremer M, Sola-Visner M, Roll S, et al. Platelet transfusions in neonates: practices in the 
United States vary significantly from those in Austria, Germany, and Switzerland. Transfusion. 
2011;51(12):2634–2641. [PubMed: 21658049] 

12. Orkin SH, Nathan DG. Nathan and Oski’s hematology of infancy and childhood. 7th ed. 
Philadelphia: Saunders/Elsevier; 2009.

13. Doyle JJ. The role of erythropoietin in the anemia of prematurity. Semin Perinatol. 1997;21(1):20–
27. [PubMed: 9190030] 

14. Roseff SD, Luban NL, Manno CS. Guidelines for assessing appropriateness of pediatric 
transfusion. Transfusion. 2002;42(11):1398–1413. [PubMed: 12421212] 

15. Oakley FD, Woods M, Arnold S, Young PP. Transfusion reactions in pediatric compared with adult 
patients: a look at rate, reaction type, and associated products. Transfusion. 2015;55(3):563–570. 
[PubMed: 25145580] 

16. Vossoughi S, Perez G, Whitaker BI, Fung MK, Stotler B. Analysis of pediatric adverse reactions to 
transfusions. Transfusion. 2018;58(1):60–69. [PubMed: 28948619] 

17. Carroll PD, Livingston E, Baer VL, Karkula K, Christensen RD. Evaluating Otherwise-Discarded 
Umbilical Cord Blood as a Source for a Neonate’s Complete Blood Cell Count at Various Time 
Points. Neonatology. 2018;114(1):82–86. [PubMed: 29719291] 

18. Christensen RD, Carroll PD, Josephson CD. Evidence-based advances in transfusion practice in 
neonatal intensive care units. Neonatology. 2014;106(3):245–253. [PubMed: 25300949] 

19. Rabe H, Gyte GM, Diaz-Rossello JL, Duley L. Effect of timing of umbilical cord clamping 
and other strategies to influence placental transfusion at preterm birth on maternal and infant 
outcomes. Cochrane Database Syst Rev. 2019;9:CD003248.

20. Committee on Obstetric P. Committee Opinion No. 684: Delayed Umbilical Cord Clamping After 
Birth. Obstet Gynecol. 2017;129(1):e5–e10.

Zerra and Josephson Page 12

Clin Lab Med. Author manuscript; available in PMC 2022 April 18.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



21. Andersson O, Domellof M, Andersson D, Hellstrom-Westas L. Effect of delayed vs early umbilical 
cord clamping on iron status and neurodevelopment at age 12 months: a randomized clinical trial. 
JAMA Pediatr. 2014;168(6):547–554. [PubMed: 24756128] 

22. Leslie MS, Greene J, Schulkin J, Jelin AC. Umbilical cord clamping practices of U.S. obstetricians. 
J Neonatal Perinatal Med. 2018;11(1):51–60. [PubMed: 29689745] 

23. Fogarty M, Osborn DA, Askie L, et al. Delayed vs early umbilical cord clamping for preterm 
infants: a systematic review and meta-analysis. Am J Obstet Gynecol. 2018;218(1):1–18. 
[PubMed: 29097178] 

24. Donato H, Vain N, Rendo P, et al. Effect of early versus late administration of human recombinant 
erythropoietin on transfusion requirements in premature infants: results of a randomized, placebo-
controlled, multicenter trial. Pediatrics. 2000;105(5):1066–1072. [PubMed: 10790464] 

25. Maier RF, Obladen M, Muller-Hansen I, et al. Early treatment with erythropoietin beta ameliorates 
anemia and reduces transfusion requirements in infants with birth weights below 1000 g. J Pediatr. 
2002;141(1):8–15. [PubMed: 12091844] 

26. Ohls RK, Christensen RD, Kamath-Rayne BD, et al. A randomized, masked, placebo-controlled 
study of darbepoetin alfa in preterm infants. Pediatrics. 2013;132(1):e119–127. [PubMed: 
23776118] 

27. Ohls RK, Kamath-Rayne BD, Christensen RD, et al. Cognitive outcomes of preterm infants 
randomized to darbepoetin, erythropoietin, or placebo. Pediatrics. 2014;133(6):1023–1030. 
[PubMed: 24819566] 

28. Juul SE, Comstock BA, Wadhawan R, et al. A Randomized Trial of Erythropoietin for 
Neuroprotection in Preterm Infants. The New England journal of medicine. 2020;382(3):233–243. 
[PubMed: 31940698] 

29. Juul SE, Vu PT, Comstock BA, et al. Effect of High-Dose Erythropoietin on Blood Transfusions 
in Extremely Low Gestational Age Neonates: Post Hoc Analysis of a Randomized Clinical Trial. 
JAMA Pediatr. 2020.

30. Aher S, Malwatkar K, Kadam S. Neonatal anemia. Semin Fetal Neonatal Med. 2008;13(4):239–
247. [PubMed: 18411074] 

31. Mills RJ, Davies MW. Enteral iron supplementation in preterm and low birth weight infants. 
Cochrane Database Syst Rev. 2012(3):CD005095.

32. Patel RM, Knezevic A, Yang J, et al. Enteral iron supplementation, red blood cell 
transfusion, and risk of bronchopulmonary dysplasia in very-low-birth-weight infants. Transfusion. 
2019;59(5):1675–1682. [PubMed: 30801736] 

33. Ghirardello S, Dusi E, Cortinovis I, et al. Effects of Red Blood Cell Transfusions on the Risk 
of Developing Complications or Death: An Observational Study of a Cohort of Very Low Birth 
Weight Infants. Am J Perinatol. 2017;34(1):88–95. [PubMed: 27249797] 

34. Wang YC, Chan OW, Chiang MC, et al. Red Blood Cell Transfusion and Clinical Outcomes in 
Extremely Low Birth Weight Preterm Infants. Pediatr Neonatol. 2017;58(3):216–222. [PubMed: 
27514234] 

35. Keir A, Pal S, Trivella M, et al. Adverse effects of red blood cell transfusions in neonates: a 
systematic review and meta-analysis. Transfusion. 2016;56(11):2773–2780. [PubMed: 27600435] 

36. Le VT, Klebanoff MA, Talavera MM, Slaughter JL. Transient effects of transfusion and feeding 
advances (volumetric and caloric) on necrotizing enterocolitis development: A case-crossover 
study. PLoS One. 2017;12(6):e0179724. [PubMed: 28632783] 

37. Jacob J, Kamitsuka M, Clark RH, Kelleher AS, Spitzer AR. Etiologies of NICU deaths. Pediatrics. 
2015;135(1):e59–65. [PubMed: 25489010] 

38. Mohamed A, Shah PS. Transfusion associated necrotizing enterocolitis: a meta-analysis of 
observational data. Pediatrics. 2012;129(3):529–540. [PubMed: 22351894] 

39. Patel RM, Knezevic A, Shenvi N, et al. Association of Red Blood Cell Transfusion, Anemia, 
and Necrotizing Enterocolitis in Very Low-Birth-Weight Infants. JAMA. 2016;315(9):889–897. 
[PubMed: 26934258] 

40. Liu Z, Sun X, Tang J, et al. Intestinal inflammation and tissue injury in response to heat stress and 
cooling treatment in mice. Mol Med Rep. 2011;4(3):437–443. [PubMed: 21468589] 

Zerra and Josephson Page 13

Clin Lab Med. Author manuscript; available in PMC 2022 April 18.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



41. De Plaen IG. Inflammatory signaling in necrotizing enterocolitis. Clin Perinatol. 2013;40(1):109–
124. [PubMed: 23415267] 

42. Hunter CJ, De Plaen IG. Inflammatory signaling in NEC: Role of NF-kappaB, cytokines and other 
inflammatory mediators. Pathophysiology. 2014;21(1):55–65. [PubMed: 24388163] 

43. Maheshwari A, Schelonka RL, Dimmitt RA, et al. Cytokines associated with necrotizing 
enterocolitis in extremely-low-birth-weight infants. Pediatr Res. 2014;76(1):100–108. [PubMed: 
24732104] 

44. Arthur CM, Nalbant D, Feldman HA, et al. Anemia induces gut inflammation and injury in an 
animal model of preterm infants. Transfusion. 2019;59(4):1233–1245. [PubMed: 30897226] 

45. Bassan H. Intracranial hemorrhage in the preterm infant: understanding it, preventing it. Clin 
Perinatol. 2009;36(4):737–762, v. [PubMed: 19944833] 

46. Baer VL, Lambert DK, Henry E, Snow GL, Butler A, Christensen RD. Among very-low-birth-
weight neonates is red blood cell transfusion an independent risk factor for subsequently 
developing a severe intraventricular hemorrhage? Transfusion. 2011;51(6):1170–1178. [PubMed: 
21166684] 

47. Baer VL, Lambert DK, Henry E, Snow GL, Christensen RD. Red blood cell transfusion of preterm 
neonates with a Grade 1 intraventricular hemorrhage is associated with extension to a Grade 3 or 4 
hemorrhage. Transfusion. 2011;51(9):1933–1939. [PubMed: 21382049] 

48. Ballabh P. Intraventricular hemorrhage in premature infants: mechanism of disease. Pediatr Res. 
2010;67(1):1–8. [PubMed: 19816235] 

49. Sharp M, French N, McMichael J, Campbell C. Survival and neurodevelopmental outcomes in 
extremely preterm infants 22–24 weeks of gestation born in Western Australia. J Paediatr Child 
Health. 2018;54(2):188–193. [PubMed: 28836705] 

50. Jarjour IT. Neurodevelopmental outcome after extreme prematurity: a review of the literature. 
Pediatr Neurol. 2015;52(2):143–152. [PubMed: 25497122] 

51. Franz AP, Bolat GU, Bolat H, et al. Attention-Deficit/Hyperactivity Disorder and Very Preterm/
Very Low Birth Weight: A Meta-analysis. Pediatrics. 2018;141(1).

52. Joseph RM, O’Shea TM, Allred EN, et al. Prevalence and associated features of autism spectrum 
disorder in extremely low gestational age newborns at age 10 years. Autism Res. 2017;10(2):224–
232. [PubMed: 27220677] 

53. Treyvaud K, Ure A, Doyle LW, et al. Psychiatric outcomes at age seven for very preterm children: 
rates and predictors. J Child Psychol Psychiatry. 2013;54(7):772–779. [PubMed: 23347471] 

54. Kirpalani H, Whyte RK, Andersen C, et al. The Premature Infants in Need of Transfusion 
(PINT) study: a randomized, controlled trial of a restrictive (low) versus liberal (high) transfusion 
threshold for extremely low birth weight infants. J Pediatr. 2006;149(3):301–307. [PubMed: 
16939737] 

55. Bell EF, Strauss RG, Widness JA, et al. Randomized trial of liberal versus restrictive guidelines 
for red blood cell transfusion in preterm infants. Pediatrics. 2005;115(6):1685–1691. [PubMed: 
15930233] 

56. Franz AR, Engel C, Bassler D, et al. Effects of Liberal vs Restrictive Transfusion Thresholds 
on Survival and Neurocognitive Outcomes in Extremely Low-Birth-Weight Infants: The ETTNO 
Randomized Clinical Trial. JAMA. 2020;324(6):560–570. [PubMed: 32780138] 

57. Kirpalani H, Bell EF, Johnson KJ, et al. A randomized trial of higher versus lower hemoglobin 
thresholds for extremely low birth weight (ELBW) infants: The Transfusion of Prematures 
(TOP) Trial. https://plan.core-apps.com/pas2020/abstract/6edec56c63f592adb37f205ea944d7d8. 
Published 2020. Accessed.

58. Mintzer JP, Parvez B, Chelala M, Alpan G, LaGamma EF. Monitoring regional tissue oxygen 
extraction in neonates <1250 g helps identify transfusion thresholds independent of hematocrit. J 
Neonatal Perinatal Med. 2014;7(2):89–100. [PubMed: 25104129] 

59. Luban NL, Strauss RG, Hume HA. Commentary on the safety of red cells preserved in extended-
storage media for neonatal transfusions. Transfusion. 1991;31(3):229–235. [PubMed: 1900648] 

60. Fergusson DA, Hebert P, Hogan DL, et al. Effect of fresh red blood cell transfusions on 
clinical outcomes in premature, very low-birth-weight infants: the ARIPI randomized trial. JAMA. 
2012;308(14):1443–1451. [PubMed: 23045213] 

Zerra and Josephson Page 14

Clin Lab Med. Author manuscript; available in PMC 2022 April 18.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://plan.core-apps.com/pas2020/abstract/6edec56c63f592adb37f205ea944d7d8


61. Carson JL, Guyatt G, Heddle NM, et al. Clinical Practice Guidelines From the AABB: Red Blood 
Cell Transfusion Thresholds and Storage. JAMA. 2016;316(19):2025–2035. [PubMed: 27732721] 

62. Sesok-Pizzini D, Pizzini MA. Hyperkalemic cardiac arrest in pediatric patients undergoing massive 
transfusion: unplanned emergencies. Transfusion. 2014;54(1):4–7. [PubMed: 24405303] 

63. Lee AC, Reduque LL, Luban NL, Ness PM, Anton B, Heitmiller ES. Transfusion-associated 
hyperkalemic cardiac arrest in pediatric patients receiving massive transfusion. Transfusion. 
2014;54(1):244–254. [PubMed: 23581425] 

64. Cohn CDM, Johnson S, Katz L. Technical Manual. In: 20th ed. Bethesda, MD: AABB2020.

65. Cook S, Gunter J, Wissel M. Effective use of a strategy using assigned red cell units to limit donor 
exposure for neonatal patients. Transfusion. 1993;33(5):379–383. [PubMed: 8488540] 

66. Wang-Rodriguez J, Mannino FL, Liu E, Lane TA. A novel strategy to limit blood donor 
exposure and blood waste in multiply transfused premature infants. Transfusion. 1996;36(1):64–
70. [PubMed: 8607157] 

67. Strauss RG. Leukocyte-reduction to prevent transfusion-transmitted cytomegalovirus infections. 
Pediatr Transplant. 1999;3 Suppl 1:19–22. [PubMed: 10587967] 

68. Vamvakas EC. Is white blood cell reduction equivalent to antibody screening in preventing 
transmission of cytomegalovirus by transfusion? A review of the literature and meta-analysis. 
Transfusion medicine reviews. 2005;19(3):181–199. [PubMed: 16010649] 

69. Kekre N, Tokessy M, Mallick R, et al. Is cytomegalovirus testing of blood products still needed 
for hematopoietic stem cell transplant recipients in the era of universal leukoreduction? Biol Blood 
Marrow Transplant. 2013;19(12):1719–1724. [PubMed: 24099958] 

70. Nash T, Hoffmann S, Butch S, Davenport R, Cooling L. Safety of leukoreduced, cytomegalovirus 
(CMV)-untested components in CMV-negative allogeneic human progenitor cell transplant 
recipients. Transfusion. 2012;52(10):2270–2272. [PubMed: 23110735] 

71. Thiele T, Kruger W, Zimmermann K, et al. Transmission of cytomegalovirus (CMV) infection 
by leukoreduced blood products not tested for CMV antibodies: a single-center prospective 
study in high-risk patients undergoing allogeneic hematopoietic stem cell transplantation (CME). 
Transfusion. 2011;51(12):2620–2626. [PubMed: 21645009] 

72. Strauss RG. Data-driven blood banking practices for neonatal RBC transfusions. Transfusion. 
2000;40(12):1528–1540. [PubMed: 11134575] 

73. Ziemann M, Krueger S, Maier AB, Unmack A, Goerg S, Hennig H. High prevalence of 
cytomegalovirus DNA in plasma samples of blood donors in connection with seroconversion. 
Transfusion. 2007;47(11):1972–1983. [PubMed: 17958525] 

74. Ziemann M, Heuft HG, Frank K, Kraas S, Gorg S, Hennig H. Window period donations during 
primary cytomegalovirus infection and risk of transfusion-transmitted infections. Transfusion. 
2013;53(5):1088–1094. [PubMed: 23320406] 

75. Josephson CD, Caliendo AM, Easley KA, et al. Blood transfusion and breast milk transmission 
of cytomegalovirus in very low-birth-weight infants: a prospective cohort study. JAMA Pediatr. 
2014;168(11):1054–1062. [PubMed: 25243446] 

76. Delaney M, Mayock D, Knezevic A, et al. Postnatal cytomegalovirus infection: a pilot comparative 
effectiveness study of transfusion safety using leukoreduced-only transfusion strategy. Transfusion. 
2016;56(8):1945–1950. [PubMed: 27080192] 

77. Castle V, Andrew M, Kelton J, Giron D, Johnston M, Carter C. Frequency and mechanism of 
neonatal thrombocytopenia. J Pediatr. 1986;108(5 Pt 1):749–755. [PubMed: 3701523] 

78. Christensen RD, Henry E, Wiedmeier SE, et al. Thrombocytopenia among extremely low birth 
weight neonates: data from a multihospital healthcare system. J Perinatol. 2006;26(6):348–353. 
[PubMed: 16642027] 

79. Roberts IA, Murray NA. Thrombocytopenia in the newborn. Curr Opin Pediatr. 2003;15(1):17–23. 
[PubMed: 12544267] 

80. Dohner ML, Wiedmeier SE, Stoddard RA, et al. Very high users of platelet transfusions in the 
neonatal intensive care unit. Transfusion. 2009;49(5):869–872. [PubMed: 19175546] 

81. Stanworth SJ, Clarke P, Watts T, et al. Prospective, observational study of outcomes in neonates 
with severe thrombocytopenia. Pediatrics. 2009;124(5):e826–834. [PubMed: 19841111] 

Zerra and Josephson Page 15

Clin Lab Med. Author manuscript; available in PMC 2022 April 18.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



82. Andrew M, Paes B, Bowker J, Vegh P. Evaluation of an automated bleeding time device in the 
newborn. Am J Hematol. 1990;35(4):275–277. [PubMed: 2239923] 

83. Israels SJ, Cheang T, McMillan-Ward EM, Cheang M. Evaluation of primary hemostasis in 
neonates with a new in vitro platelet function analyzer. J Pediatr. 2001;138(1):116–119. [PubMed: 
11148524] 

84. Deschmann E, Sola-Visner M, Saxonhouse MA. Primary hemostasis in neonates with 
thrombocytopenia. J Pediatr. 2014;164(1):167–172. [PubMed: 24094764] 

85. Muthukumar P, Venkatesh V, Curley A, et al. Severe thrombocytopenia and patterns of bleeding 
in neonates: results from a prospective observational study and implications for use of platelet 
transfusions. Transfus Med. 2012;22(5):338–343. [PubMed: 22738179] 

86. Fustolo-Gunnink SF, Fijnvandraat K, van Klaveren D, et al. Preterm neonates benefit from low 
prophylactic platelet transfusion threshold despite varying risk of bleeding or death. Blood. 
2019;134(26):2354–2360. [PubMed: 31697817] 

87. Patel RM, Josephson C. Neonatal and pediatric platelet transfusions: current concepts and 
controversies. Curr Opin Hematol. 2019;26(6):466–472. [PubMed: 31503020] 

88. Andrew M, Vegh P, Caco C, et al. A randomized, controlled trial of platelet transfusions in 
thrombocytopenic premature infants. J Pediatr. 1993;123(2):285–291. [PubMed: 8345429] 

89. Curley A, Stanworth SJ, Willoughby K, et al. Randomized Trial of Platelet-Transfusion Thresholds 
in Neonates. The New England journal of medicine. 2019;380(3):242–251. [PubMed: 30387697] 

90. Patel RM, Josephson CD, Shenvi N, et al. Platelet transfusions and mortality in necrotizing 
enterocolitis. Transfusion. 2019;59(3):981–988. [PubMed: 30597571] 

91. Ferrer-Marin F, Chavda C, Lampa M, Michelson AD, Frelinger AL 3rd, Sola-Visner M. Effects 
of in vitro adult platelet transfusions on neonatal hemostasis. J Thromb Haemost. 2011;9(5):1020–
1028. [PubMed: 21320282] 

92. Kumar J, Dutta S, Sundaram V, Saini SS, Sharma RR, Varma N. Platelet Transfusion for PDA 
Closure in Preterm Infants: A Randomized Controlled Trial. Pediatrics. 2019;143(5).

93. Sola-Visner MC. Platelet Transfusions in Neonates - Less Is More. The New England journal of 
medicine. 2019;380(3):287–288. [PubMed: 30650325] 

94. Harris SB, Josephson CD, Kost CB, Hillyer CD. Nonfatal intravascular hemolysis in a pediatric 
patient after transfusion of a platelet unit with high-titer anti-A. Transfusion. 2007;47(8):1412–
1417. [PubMed: 17655585] 

95. Conway LT, Scott EP. Acute hemolytic transfusion reaction due to ABO incompatible plasma in a 
plateletapheresis concentrate. Transfusion. 1984;24(5):413–414. [PubMed: 6485086] 

96. Valbonesi M, De Luigi MC, Lercari G, et al. Acute intravascular hemolysis in two patients 
transfused with dry-platelet units obtained from the same ABO incompatible donor. Int J Artif 
Organs. 2000;23(9):642–646. [PubMed: 11059888] 

97. Angiolillo A, Luban NL. Hemolysis following an out-of-group platelet transfusion in an 8-month-
old with Langerhans cell histiocytosis. Journal of pediatric hematology/oncology. 2004;26(4):267–
269. [PubMed: 15087958] 

98. Davoren A, Curtis BR, Aster RH, McFarland JG. Human platelet antigen-specific 
alloantibodies implicated in 1162 cases of neonatal alloimmune thrombocytopenia. Transfusion. 
2004;44(8):1220–1225. [PubMed: 15265127] 

99. Ghevaert C, Campbell K, Walton J, et al. Management and outcome of 200 cases of fetomaternal 
alloimmune thrombocytopenia. Transfusion. 2007;47(5):901–910. [PubMed: 17465957] 

100. Rousseau J, Goldman M, David M. HPA-5b (Bra) neonatal alloimmune thrombocytopenia in 
Quebec: incidence and clinical outcome in 31 cases. Transfusion. 2004;44(6):844–848. [PubMed: 
15157249] 

101. Schmidt AE, Sahai T, Refaai MA, Sullivan M, Curtis BR. Severe Platelet Transfusion 
Refractoriness in Association with Antibodies Against CD36. Lab Med. 2020;51(5):540–544. 
[PubMed: 31925433] 

102. Burrows RF, Kelton JG. Fetal thrombocytopenia and its relation to maternal thrombocytopenia. 
The New England journal of medicine. 1993;329(20):1463–1466. [PubMed: 8413457] 

Zerra and Josephson Page 16

Clin Lab Med. Author manuscript; available in PMC 2022 April 18.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



103. Knight M, Pierce M, Allen D, et al. The incidence and outcomes of fetomaternal alloimmune 
thrombocytopenia: a UK national study using three data sources. British journal of haematology. 
2011;152(4):460–468. [PubMed: 21210775] 

104. Kamphuis MM, Paridaans NP, Porcelijn L, Lopriore E, Oepkes D. Incidence and consequences of 
neonatal alloimmune thrombocytopenia: a systematic review. Pediatrics. 2014;133(4):715–721. 
[PubMed: 24590747] 

105. Calhoun DA, Christensen RD, Edstrom CS, et al. Consistent approaches to procedures and 
practices in neonatal hematology. Clin Perinatol. 2000;27(3):733–753. [PubMed: 10986638] 

106. Althaus J, Blakemore KJ. Fetomaternal alloimmune thrombocytopenia: the questions that still 
remain. J Matern Fetal Neonatal Med. 2007;20(9):633–637. [PubMed: 17701662] 

107. Bakchoul T, Bassler D, Heckmann M, et al. Management of infants born with severe neonatal 
alloimmune thrombocytopenia: the role of platelet transfusions and intravenous immunoglobulin. 
Transfusion. 2014;54(3):640–645. [PubMed: 23869512] 

108. Kiefel V, Bassler D, Kroll H, et al. Antigen-positive platelet transfusion in neonatal alloimmune 
thrombocytopenia (NAIT). Blood. 2006;107(9):3761–3763. [PubMed: 16403916] 

109. Peterson JA, McFarland JG, Curtis BR, Aster RH. Neonatal alloimmune thrombocytopenia: 
pathogenesis, diagnosis and management. British journal of haematology. 2013;161(1):3–14. 
[PubMed: 23384054] 

110. Blanchette VS, Johnson J, Rand M. The management of alloimmune neonatal thrombocytopenia. 
Bailliere’s best practice & research Clinical haematology. 2000;13(3):365–390. [PubMed: 
11030040] 

111. Puetz J, Witmer C, Huang YS, Raffini L. Widespread use of fresh frozen plasma in US children’s 
hospitals despite limited evidence demonstrating a beneficial effect. J Pediatr. 2012;160(2):210–
215 e211. [PubMed: 21924435] 

112. Motta M, Del Vecchio A, Perrone B, Ghirardello S, Radicioni M. Fresh frozen plasma use in 
the NICU: a prospective, observational, multicentred study. Arch Dis Child Fetal Neonatal Ed. 
2014;99(4):F303–308. [PubMed: 24646616] 

113. Stanworth SJ, Grant-Casey J, Lowe D, et al. The use of fresh-frozen plasma in England: high 
levels of inappropriate use in adults and children. Transfusion. 2011;51(1):62–70. [PubMed: 
20804532] 

114. Karam O, Tucci M, Lacroix J, et al. International survey on plasma transfusion practices in 
critically ill children. Transfusion. 2014;54(4):1125–1132. [PubMed: 24032693] 

115. Poterjoy BS, Josephson CD. Platelets, frozen plasma, and cryoprecipitate: what is the clinical 
evidence for their use in the neonatal intensive care unit? Semin Perinatol. 2009;33(1):66–74. 
[PubMed: 19167583] 

116. Karam O, Demaret P, Shefler A, et al. Indications and Effects of Plasma Transfusions in Critically 
Ill Children. Am J Respir Crit Care Med. 2015;191(12):1395–1402. [PubMed: 25859890] 

117. O’Shaughnessy DF, Atterbury C, Bolton Maggs P, et al. Guidelines for the use of fresh-frozen 
plasma, cryoprecipitate and cryosupernatant. British journal of haematology. 2004;126(1):11–28. 
[PubMed: 15198728] 

118. Goldenberg NA, Manco-Johnson MJ. Pediatric hemostasis and use of plasma components. Best 
Pract Res Clin Haematol. 2006;19(1):143–155. [PubMed: 16377547] 

119. A randomized trial comparing the effect of prophylactic intravenous fresh frozen plasma, gelatin 
or glucose on early mortality and morbidity in preterm babies. The Northern Neonatal Nursing 
Initiative [NNNI] Trial Group. Eur J Pediatr. 1996;155(7):580–588. [PubMed: 8831082] 

120. Maw G, Furyk C. Pediatric Massive Transfusion: A Systematic Review. Pediatr Emerg Care. 
2018;34(8):594–598. [PubMed: 30080793] 

121. Hendrickson JE, Shaz BH, Pereira G, et al. Coagulopathy is prevalent and associated with 
adverse outcomes in transfused pediatric trauma patients. J Pediatr. 2012;160(2):204–209 e203. 
[PubMed: 21925679] 

122. Williams MD, Chalmers EA, Gibson BE, Haemostasis, Thrombosis Task Force BCfSiH. The 
investigation and management of neonatal haemostasis and thrombosis. British journal of 
haematology. 2002;119(2):295–309. [PubMed: 12406062] 

Zerra and Josephson Page 17

Clin Lab Med. Author manuscript; available in PMC 2022 April 18.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



123. Schulte R, Jordan LC, Morad A, Naftel RP, Wellons JC 3rd, Sidonio R. Rise in late onset vitamin 
K deficiency bleeding in young infants because of omission or refusal of prophylaxis at birth. 
Pediatr Neurol. 2014;50(6):564–568. [PubMed: 24842255] 

124. Shearer MJ. Vitamin K deficiency bleeding (VKDB) in early infancy. Blood Rev. 2009;23(2):49–
59. [PubMed: 18804903] 

125. Padmanabhan A, Connelly-Smith L, Aqui N, et al. Guidelines on the Use of Therapeutic 
Apheresis in Clinical Practice - Evidence-Based Approach from the Writing Committee of the 
American Society for Apheresis: The Eighth Special Issue. J Clin Apher. 2019;34(3):171–354. 
[PubMed: 31180581] 

126. New HV, Stanworth SJ, Engelfriet CP, et al. Neonatal transfusions. Vox Sang. 2009;96(1):62–85. 
[PubMed: 19121200] 

127. Eaton MP, Iannoli EM. Coagulation considerations for infants and children undergoing 
cardiopulmonary bypass. Paediatr Anaesth. 2011;21(1):31–42. [PubMed: 21155925] 

128. Mou SS, Giroir BP, Molitor-Kirsch EA, et al. Fresh whole blood versus reconstituted 
blood for pump priming in heart surgery in infants. The New England journal of medicine. 
2004;351(16):1635–1644. [PubMed: 15483282] 

129. Gruenwald CE, McCrindle BW, Crawford-Lean L, et al. Reconstituted fresh whole blood 
improves clinical outcomes compared with stored component blood therapy for neonates 
undergoing cardiopulmonary bypass for cardiac surgery: a randomized controlled trial. J Thorac 
Cardiovasc Surg. 2008;136(6):1442–1449. [PubMed: 19114187] 

130. Miao X, Liu J, Zhao M, et al. Evidence-based use of FFP: the influence of a priming strategy 
without FFP during CPB on postoperative coagulation and recovery in pediatric patients. 
Perfusion. 2015;30(2):140–147. [PubMed: 24860124] 

131. Miao X, Liu J, Zhao M, et al. The influence of cardiopulmonary bypass priming without FFP 
on postoperative coagulation and recovery in pediatric patients with cyanotic congenital heart 
disease. Eur J Pediatr. 2014;173(11):1437–1443. [PubMed: 24863631] 

132. Christensen RD, Baer VL, Lambert DK, Henry E, Ilstrup SJ, Bennett ST. Reference intervals for 
common coagulation tests of preterm infants (CME). Transfusion. 2014;54(3):627–632:quiz 626. 
[PubMed: 23834237] 

133. Naderi M, Tabibian S, Alizadeh S, et al. Congenital factor V deficiency: comparison of the 
severity of clinical presentations among patients with rare bleeding disorders. Acta Haematol. 
2015;133(2):148–154. [PubMed: 25277779] 

134. Huang JN, Koerper MA. Factor V deficiency: a concise review. Haemophilia. 2008;14(6):1164–
1169. [PubMed: 19141156] 

Zerra and Josephson Page 18

Clin Lab Med. Author manuscript; available in PMC 2022 April 18.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Key Points

• Transfusion recommendations in neonatal patient are less defined by 

evidence-based guidelines than older children and adults.

• When making the decision to transfuse a neonate, the clinician should 

consider physiologic differences of this age group, gestational and postnatal 

age, congenital disorders and maternal factors.
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Table 1.

Multi-center RCTs comparing liberal versus restrictive RBC transfusion in ELBW infants

Trial Patient Population Transfusion Threshold 
(Hct)

Primary Outcome Results

Effect of Transfusion 
Thresholds on 
Neurocognitive 
Outcomes (ETTNO) 
56 

1,013 premature 
infants in Europe; 
GA <30 weeks; BW 
<1000g

Liberal: 28–41% 
Restrictive: 21–34% (After 
randomization, threshold 
based on postnatal age and 
health status)

Death or 
neurodevelopmental 
impairment at 24 months 
corrected age

No difference between 
liberal vs restrictive 
transfusion; 44.4% vs 
42.9% OR 1.05 (95% 
CI, 0.80–1.39) P=0.72

Transfusion of 
Prematures (TOP) 57 

1,824 premature 
infants in the United 
States; GA 22 to <29 
weeks; BW <1000g

Liberal: 32–38% 
Restrictive: 21–32% (After 
randomization, threshold 
based on postnatal age and 
health status)

Survival, 
neurodevelopmental 
impairment at 22–26 months 
corrected age

Manuscript pending; 
preliminary results with 
no difference between 
liberal vs restrictive 
transfusion

Abbreviations: RCT, randomized controlled trial; GA, gestational age; BW, birth weight; RBC, red blood cell; ELBW, extremely low birth weight
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Table 2.

RCTs comparing liberal versus restricted platelet transfusion in ELBW infants

Trial Patient Population Platelet 
Thresholds

Primary 
Outcome

Results

Andrew, et 
al.88

152 infants; GA <33 weeks; 
BW 500–1500g; platelet count 
<150,000/μL during the first 72 
hours of life

150,000/μL vs 
50,000/μL

Incidence or 
extension of ICH

No difference in new/worsening ICH 
between higher and lower threshold 
(28% vs 26%, P=0.73); higher 
threshold received less FFP and RBCs

Curley, et al. 
PlaNeT-2 
Trial89

660 infants; GA <34 weeks; 
Platelet count <50,000/μL

50,000/μL vs 
25,000/μL

Death or new 
major bleeding

Higher rates of death or major bleeding 
in higher threshold group; OR, 1.57; 
95% CI, 1.06 to 2.32; P=0.02

Kumar, et al.92 44 infants; GA <35 weeks; PDA 
detected at <14 days of age; 
platelet count <100,000/μL

100,000/μL vs 
20,000/ μL

Mean time to 
PDA closure

No significant difference in time to 
PDA closure; Adjusted HR 1.4 (95% 
CI 0.57–3.47), P=0.46

Abbreviations: RCT, randomized controlled trial; GA, gestational age; BW, birth weight; ICH, intracranial hemorrhage; OR, odds ratio; CI, 
confidence interval; PDA, patent ductus arteriosus; HR, hazard ratio
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