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Introduction

Neonates are among the patients undergoing transfusion most frequently during
hospitalization. More than 90% of extremely low birth weight (ELBW) infants weighing
less than 1,000 g are estimated to receive at least 1 red blood cell (RBC) transfusion during a
neonatal intensive care unit (NICU) stay.” In addition, 60% of very low birth weight (VLBW)
infants will receive RBC transfusions during a NICU stay.

Neonatal transfusion practices are substantially different from adult and pediatric trans-
fusion practices due to the unique physiological characteristics of neonates. First, the prenatal
transfer of maternal antibodies to the immunologically immature neonate results in unique
hematologic compatibility patterns different from those of other age groups. Second, immature
organ function exposes the neonates to metabolic complications and to infectious and immu-
nologic complications, such as transfusion-transmitted cytomegalovirus (TT-CMV) infection
and transfusion-associated graft-versus-host disease (TA-GVHD). Third, neonates are at a
higher risk of hemodynamic instability because of a small blood volume and the limited
capacity to increase the blood volume relative to rapid growth.” These problems should be
considered while performing transfusion therapy in neonates. This review focuses on the
specific risks of transfusion therapy and the most recent evidence-based transfusion practices
in neonates.
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decreased glucose infusion rates during transfusion in combination
with impaired glycogenolysis and gluconeogenesis in preterm
infants. In a study of 16 preterm infants, 15% of those receiving
RBCs preserved with Adsol (AS-1; adenine, glucose, mannitol,
and sodium chloride) and 64% of those receiving RBCs preserved
with citrate-phosphate-dextrose-adenine required supplemental
dextrose during the transfusion due to hypoglycemia.” The risk
of hyperkalemia is entirely associated with the amount of K* load
delivered with RBC transfusion. Irradiation may damage the RBC
membranes, also causing hyperkalemia. In addition, transfusion of
citrate-enriched blood products can cause hypocalcemia from ci-
trate toxicity due to the immaturity of neonatal hepatic and renal
function. Hyperkalemia and hypocalcemia are particularly of
concern in neonates receiving exchange or massive (>20 mL/kg of
RBCs) transfusions.

2. Immunologic complications

In neonates, immunologic complications include hemolytic
transfusion reactions, allergic reactions, febrile nonhemolytic
reactions, immune-mediated platelet destruction, transfusion related
acute lung injury (TRALI), T-antigen activation, and TA-GVHD.
Currently, TRALI is the most common cause of acute transfusion
fatality among all blood recipients, accounting for 37% of the
deaths. However, it is uncertain whether TRALI occurs in neonates.”
TA-GVHD occurs in immunosuppressed or immunodeficient
recipients whose immune system is unable to recognize transfused
immunocompetent T lymphocytes. TA-GVHD may be present in
neonates for a longer duration before the onset of clinical manifesta-
tions and death compared to that in adults. In a literature review of
neonatal TA-GVHD, the median durations of clinical manifestations
were 28 (fever), 30 (rash), 43 (leukopenia), and 51 (death, all neo-
nates) days.” Neonates, especially preterm infants, are at risk for
TA-GVHD. Neonates at high risk for TA-GVHD include extremely
premature neonates, those receiving intrauterine or exchange
transfusions, and those receiving cellular blood products from a
blood relative.” Pretransfusion gamma irradiation of cellular blood
products can inactivate donor T lymphocytes and consequently
reduce the risk of TA-GVHD.”

3. Infectious complications

Many infectious agents such as viruses, bacteria, protozoa, and
other pathogens, can be transmitted by blood transfusion. Among
these pathogens, the prevalence of human CMV is reported to be
30% to 70% in blood donors within the United States. Human
CMV can be latent within the leukocytes of immunocompetent
donors and transmitted by transfusion of cellular blood products
into seronegative recipients. In particular, premature, seronegative
neonates weighing less than 1,250 g at birth and fetuses receiving
intrauterine transfusions are at high risk for TT-CMV-associated
morbidity and mortality.”” Transfusion of CMV-seronegative blood
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is considered necessary to preventing TT-CMV infections, but such
products are difficult to obtain due to the high prevalence of CMV
seropositivity. Since CMV remains latent within the leukocytes,
leukocyte reduction is also effective in preventing TT-CMV infec-
tions in neonates. Currently, the use of leukoreduction filters in
the collection of cellular blood products is strongly recommended
for recipients at high risk for TT-CMV infection.” A prospective
study with 539 VLBW infants reported that the incidence of TT-
CMYV infection was 0.0% (95% confidence interval [CI], 0-0.3)
when using CMV-seronegative and leukoreduced blood products.”
Nevertheless, transfusion of leukoreduced blood from CMV-untested
donors was also relatively safe and had a low risk of TT-CMV
infection.”'” The important thing is that transfusion with CMV-
untested leukoreduced blood should not be delayed because CMV-
seronegative blood is unavailable."”

4, Transfusion-related adverse outcomes

Recently, several studies have suggested the association between
RBC transfusion and adverse outcomes specific to preterm infants.
First, an association between RBC transfusion and the development
of bronchopulmonary dysplasia (BPD) has been reported."”" Iron
and free radical injury were presumed as possible mechanisms
underlying the development of BPD."” Second, some researchers
reported that the development of necrotizing enterocolitis (NEC)
was closely associated with RBC transfusion.'®"® Using near-
infrared spectroscopy, Marin et al." demonstrated that fluctuation of
mesenteric blood flow was more pronounced in VLBW infants who
developed transfusion-related NEC, compared to transfused infants
who did not develop NEC. In addition, a policy of withholding
feeding during transfusion was suggested to be a protective
intervention against the development of NEC.”” Immunologic or
ischemia/reperfusion injury to the intestine was suggested as a
presumed mechanism for transfusion-related NEC.” Third, a previous
report described an association between early RBC transfusion and
subsequent development of severe intraventricular hemorrhage
(IVH) in VLBW infants.”” A study showed that an association exists
between RBC transfusion and extension of a grade 1 IVH into a
grade 3 or 4 IVH.”” In a retrospective study during a 9-year period,
Christensen et al.”” found that a more restrictive transfusion strategy
during the first week after birth was associated with a decreased rate
of severe IVH in VLBW infants. Some studies have also suggested
an association between RBC transfusion and the development of
retinopathy of prematurity (ROP). The association was dependent on
the dose or the frequency of RBC transfusion.”**” Although many
studies have reported correlations between blood transfusions and
the development of adverse outcomes in preterm infants, the causal
relationship is still not clear and little is known of the underlying
pathophysiology of this relationship.
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Specific methods to decrease the risks of transfu-
sion therapy in neonates

1. Leukocyte reduction

Leukoreduced blood cells should be used in all neonates.
Currently, leukoreduction filters can remove approximately 99.9%
of white blood cells from blood cells.”® Universal leukoreduction
significantly decreases the rates of febrile nonhemolytic transfusion
reactions, alloimmunization, allergic reactions, and the transmission
of certain infections (especially CMV infection).”” Interestingly,
use of universal leukoreduction was associated with a decreased
incidence of BPD (odds ratio [OR], 0.42; 95% CI, 0.25-0.70), ROP
(OR, 0.56; 95% CI, 0.33-0.93), and NEC (OR, 0.39; 95% CI, 0.17-
0.90) in preterm infants requiring RBC transfusions.”” However,
the primary objective of leukoreduction in neonates is to reduce
TT-CMYV infection. Since leukoreduction cannot remove all lym-
phocytes, TA-GVHD cannot be prevented by leukoreduction. The
current Korean Transfusion Guideline specifies universal leuko-
reduction before transfusing packed RBC or platelet concentrates in

neonates.””

2. Irradiation of cellular blood products

As mentioned previously, irradiation of cellular blood products
reduces the incidence of TA-GVHD in susceptible recipients. Irra-
diation increases potassium leakage from stored RBCs and reduces
the shelf life of irradiated RBCs. The recommended shelf life of
irradiated RBCs is 28 days compared with 42 days for nonirradiated
RBCs. Irradiation of blood products does not also prevent TT-
CMV infection.” The indications for irradiation of blood products
in neonates by Fasano et al.? are as follows: (1) transfusion to
premature infants with birth weight <1,200 g, (2) intrauterine trans-
fusion, (3) transfusion of a cellular blood component obtained from
a blood relative, and (4) transfusion of an HLA-matched or platelet-
cross-matched product. In a survey of transfusion policies in the
United States and Canada, the majority of institutions routinely
irradiate cellular blood products for all neonates, or at least for
preterm infants.”” According to the Korean Transfusion Guideline,”
the indications for irradiation include transfusion to all fetuses,
premature infants, and low birth weight infants in addition to neo-
natal exchange transfusion.

Current trends and practices of RBC transfusion in
neonates

1. Indications

The debate on whether to adopt liberal (high hemoglobin thre-
shold) versus restrictive (low hemoglobin threshold) transfusion
strategies in neonates remains unsolved. Two important clinical
trials have compared the risks and benefits of RBC transfusion
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Table 1. Red blood cell transfusion thresholds for preterm infants in 2
randomized trials

Strategy lowa Trial™" PINT Tria™
Liberal strategy
Upper 183 185
Lower 10.0 8.5
Restrictive strategy
Upper 11.3 115
Lower 7.3 7.5

Thresholds are hemoglobin levels (g/dL).
PINT, premature infants in need of transfusion.

using both transfusion strategies.’"”” Table 1 shows upper and
lower thresholds of RBC transfusion for preterm infants in 2 trials.
The Iowa trial by Bell et al.”” reported that there was no difference
between the liberal and restrictive groups in avoiding transfusion,
but the restrictive group showed more frequent adverse neurolo-
gical events such as intraparenchymal brain hemorrhage and
periventricular leukomalacia, and more episodes of apnea. In
addition, the PINT (premature infants in need of transfusion) trial by
Kirpalani et al.*” suggested that infants in the restrictive group were
more likely to avoid transfusion, but that there were no significant
differences between both groups regarding morbidity, such as
survival rates, BPD, brain injury, and ROP. Taken together, a meta-
analysis in 2011 including a long-term study by Whyte et al.>”
showed the following findings: (1) the restrictive group received
fewer transfusions and lowered donor exposures than the liberal
group, (2) there were no differences between both groups in the rate
of mortality and serious morbidity at discharge, and (3) there were
no differences between both groups at 18 to 21 months of corrected
age in mortality, major morbidity, and serious neurodevelopmental
impairment.*” Based on these findings, use of the restrictive strategy
is preferred to decrease exposure to transfusions.” Transfusion
should be carefully determined by comparing the anticipated effects
and risks according to the clinical condition as well as the hematocrit
level. The current indications for RBC transfusion according to
the “Manual of Neonatal Care” published in the Korean Society of
Neonatology are listed in Table 2.

2. Dose and administration

Generally, neonates receive RBC transfusions at a dose of 10
to 15 mL/kg (a maximum of 20 mL/kg) for 1 to 2 hours and the
transfusion should be completed within 4 hours. It is estimated that
the hemoglobin level of the newborn increases by about 2 to 3 g/
dL at this dose.” In a multicenter randomized trial for determining
whether transfusion of fresh RBCs stored for 7 days or less improved
the outcomes in VLBW infants compared with standard-issue RBCs,
there were no differences in mortality and major morbidities such
as NEC, severe I[VH, severe ROP, and BPD between 2 groups. This
finding suggests that alteration in the standard RBCs storage time is
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Table 2. Indications for red blood cell transfusion in neonates

1) Asymptomatic infants with hematocrit <21% and reticulocytes <100,000/uL (2%)

2) Infants with hematocrit <31% and,
- Requiring 0, <36% or MAP <6 ¢cmH,0 by CPAP or mechanical ventilation

- Significant apnea while on adequate methylxanthine treatment (>9 apneic episodes/12 hours or >2/day, PPV requiring bag and mask for 24 hours)

- HR>180/min or RR>80/min sustained for 24 hours

- Weight gain of <10 g/day for 4 days on 100 kcal/kg/day

- Having surgery
3) Infants with hematocrit <36% and,

- Requiring 0, >35% or MAP 6-8 cmH,0 by CPAP or mechanical ventilation
4) Infants with hematocrit <41% and,

- Significant respiratory disease or congenital heart disease

Modified from Korean Society of Neonatology, Manual of neonatal care. 3rd ed. 2014:303.%°
MAP, mean airway pressure; CPAP, continuous positive airway pressure; PPV, positive pressure ventilation; HR, heart rate; RR, respiratory rate.

not required for preterm infants.”

3. Small-volume transfusion

Since neonates, especially ELBW infants are so small, small
volume (10 to 15 mL/kg) transfusion requires the use of special
equipment such as small bags (satellite packs) and sterile connecting
devices. Using a sterile connecting device, the blood from a large
blood unit (320 to 400 mL) can be transferred into several small bags
in a sterile manner through a closed system. It has been found that
such a system is safe and can prevent blood waste. In addition, it can
reduce the donor exposure by increasing the number of transfusions
from a single blood unit.*””

Current trends and practices of platelet transfusion
in neonates

There are diverse guidelines for neonatal platelet transfusion
across institutions and countries, mainly based on the clinical ex-
perience and expert opinion. Due to the concern regarding IVH in
high-risk newborns, many clinicians have traditionally tended to
significantly mitigate the indication for platelet transfusion. In a
study of 53 neonates with severe thrombocytopenia, a platelet count
threshold of 30,000/pL without previous IVH or other risk factors
or 50,000/uL with previous IVH or clinical instability was safe in
the majority of neonates.” In addition, a prospective observational
study of 169 neonates showed that a more restrictive strategy for
platelet transfusion using platelet count thresholds of 25,000/pL in
stable neonates and 50,000/pL in unstable neonates did not increase
the risk of IVH.*” In a retrospective cohort study of VLBW infants,
the following 2 strategies were compared: (1) liberal transfusion for a
platelet count less than 50,000/jL in stable neonates or 100,000/uL
in unstable neonates, (2) restrictive transfusion for a platelet count
less than 25,000/pL in stable neonates or 50,000/pL in unstable
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Table 3. Indications for platelet transfusion in neonates
1) Platelet count <30,000/pL: transfuse all
2) Platelet count 30,000—-49,000/pL and,
- Body weight <1,500 g and <7 days old
- Clinically unstable
- Concurrent coagulopathy
- Previous significant hemorrhage (i.e., [VH grade 3 or 4)
- Prior to surgical procedure
- Postoperative period (<72 hours)
3) Platelet count 50,000—-100,000/uL and,
- Acute bleeding
- NAIT with intracranial bleeding
- Before or after neurosurgical procedure

Modified from Korean Society of Neonatology, Manual of neonatal care. 3rd ed.
2014:315."?
IVH, intracranial hemorrhage; NAIT, neonatal alloimmune thrombocytopenia.

neonates. In this study, the restrictive strategy for platelet transfusion
was not associated with increased rates of IVH and mortality."” The
indications for platelet transfusion according to the “Manual of
Neonatal Care” published in the Korean Society of Neonatology are
listed in Table 3.*? Usually, an increase of 50,000 to 100,000/uL in
the platelet count can be expected through platelet transfusions of
10 to 15 mL/kg within 2 hours in neonates.

Conclusion

When transfusing neonates, particularly preterm infants, efforts
should be made to reduce donor exposure, TT-CMV infection, and
TA-GVHD. Such efforts include: (1) reduce the number of blood
transfusions as much as possible, (2) use special equipment such
as small bags (satellite packs) and sterile connecting devices for
small-volume transfusion, and (3) use leukoreduced and irradiated
cellular blood products. Moreover, transfusion of RBCs or platelet
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in neonates should be carefully determined by comparing the

anticipated effects and risks according to the clinical condition, as
well as the hematocrit or platelet levels.
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