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INTRODUCTION

When we think about patient blood management (PBM), we often think of routine transfusions in
adults. However, PBM encompasses more than adult transfusions. It includes a series of medical and
surgical strategies designed to optimize the care of any patient who may need a blood transfusion.
When it comes to pediatric patients needing a blood transfusion, additional considerations must be
taken into account. Unlike adults, pediatric patients have unique physiological characteristics and
medical needs that necessitate specialized approaches to PBM.

With 40% of children worldwide and 15-20% in industrialized countries presenting with
preoperative anemia, PBM programs aimed at identifying anemia in infants and children are
essential.! The judicious use of blood products in these scenarios impacts immediate health
outcomes, long-term recovery and overall well-being. Therefore, understanding and implementing
effective PBM strategies in pediatrics is a medical and moral imperative.

TRANSFUSION THRESHOLDS

Transfusion guidelines for neonates, infants and children can be somewhat controversial and are
constantly evolving. For example, historically, a more liberal strategy was employed because it was
linked to improved neurodevelopmental outcomes. It was later found that a restrictive threshold
(<7g/dL) showed no difference in outcomes when compared with the liberal threshold (<9g/
dL).?® This includes the TIC-TOC trial, which showed no increased risk of adverse outcomes when
comparing the restrictive vs. liberal thresholds*, and the TOP trial, which showed no significant
difference in survival without neurodevelopmental impairment between the restrictive and liberal
groups.® These studies, amongst others, have shown that restrictive thresholds were non-inferior.

Data supports restrictive transfusion thresholds in infants, children and adolescents. A hemoglobin
threshold of 7g/dL in hemodynamically stable patients is sufficient and lower than the previous
recommendation of >9g/dL.>* It should be noted that neonates have a more complex approach

to transfusion thresholds due to their varying hemoglobin levels, varying hemoglobin types
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(i.e., proportion of hemoglobin A and F) and their inability to handle stress responses. Due to these
considerations, factors other than hemoglobin levels must be considered for neonates.®

Current guidelines for neonatal transfusions take into account age, comorbidity and respiratory

status. For example, if a neonate has clinical instability, such as a need for vasopressor support,
mechanical ventilation, acute sepsis or necrotizing enterocolitis, a more liberal transfusion threshold is
recommended, as shown in Table 1.° Transfusion thresholds for stable neonates can be seen in Table 2.8

ALTERNATIVE MODALITIES

Iron deficiency anemia is common in adults, and the strategies employed to treat it in adults can
often also be used for pediatric patients.>'° This includes administering oral or parenteral iron two
to four weeks before a surgical procedure, with serum iron and ferritin being measured during
treatment to help determine if iron treatment is sufficient.’ In patients with chronic inflammatory
conditions, a ferritin level may be misleading since it is an acute phase reactant that elevates during
inflammatory conditions. In these cases, percent transferrin saturation can be used to determine
iron stores. Additionally, reticulocyte hemoglobin concentration can be used to measure iron
incorporation in erythrocytes and can be used to determine if iron therapy is sufficient.

Oral iron is the first line of therapy for most patients with iron deficiency anemia. Oral iron, such as
ferrous sulfate, can cause gastrointestinal side effects, including nausea, vomiting, and constipation.
A meta-analysis in pediatric patients showed that iron hydroxide polymaltose complex had similar
bioavailability as ferrous sulfate but was much better tolerated due to decreased side effects.
Additionally, ferrous gluconate formulations can be used if iron hydroxide polymaltose complex is
unavailable, as it is also associated with fewer side effects when compared with ferrous sulfate.*

Erythrocyte-stimulating agents (ESA) have also been studied as an alternative to blood transfusion
to increase red cell production. Limited studies involve children; however, a few studies on
Jehovah'’s Witnesses showed benefits with ESA administration.'"'> Additionally, a single study
showed that administering ESAs seven days before a procedure effectively reduced the need for
allogeneic blood transfusion."

Acute normovolemic hemodilution (ANH) has been explored as a potential strategy in children to
reduce the need for a blood transfusion. ANH involves removing blood directly before a procedure
and replacing the volume with a crystalloid solution.' This dilutes the blood that is shed during

the procedure. The blood removed during the beginning of the procedure is then transfused back
into the patient. Research has shown that in adult patients, the risk for myocardial ischemia or poor
tissue perfusion is not elevated among those who have had ANH done during a procedure.*

Though data supports ANH in adults, limited studies in children have been published. A single-center
retrospective cohort study including pediatric patients up to 36 months of age undergoing surgical
repair or palliation of their cardiac defect with the use of cardiopulmonary bypass performed ANH on
patients with a mean weight of 6.2 +1.9 kg. Patients below 6 kg of body weight required blood priming
of the cardiopulmonary circuit; however, ANH was still performed with the intention of minimizing
platelet activation and improving the preservation of native coagulation factors."
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IDENTIFICATION OF ANEMIA

Identifying anemia is challenging in the pediatric population, depending on the age of onset.
Symptoms of anemia include fatigue, lethargy, pallor, irritability, poor feeding and tachypnea.
Clinicians should focus on the appearance of patients’ skin, eyes, mouth, chest and mucous
membranes when considering anemia.’ Pallor can be sensitive to anemia but usually only persists
when hemoglobin levels are very low (<7g/dL). If hemolytic anemia is present, scleral icterus,
jaundice and/or hepatosplenomegaly may be present, which should initiate an evaluation.'®"”

In the surgical setting, healthy pediatric patients having minimally invasive procedures usually

do not require preoperative laboratory testing. However, a comprehensive physical exam must be
performed in this population to catch the signs and symptoms of anemia. If necessary, laboratory
testing should be performed two to four weeks before the procedure for those undergoing invasive
procedures or with comorbidities to allow time for adequate treatment if needed."”

SPECIAL REQUIREMENTS

There has been a long debate about using fresh or stored red cell units in pediatric patients. In 2019,
Spinella et al. published the results of a randomized controlled trial exploring using fresh vs. standard-
issue red cell units in critically ill pediatric patients.'® Biochemical markers were used to check for
organ dysfunction and tissue perfusion. The results demonstrated that there was no increase in
mortality or progressive organ dysfunction in the standard-issue group compared to using fresh units.

Irradiation of cellular components is done to prevent transfusion-associated graft-vs-host disease (TA-
GVHD). When cellular products are irradiated at a certain dose, donor T cells are inactivated, which
prevents TA-GVHD.'® Due to their immature immune systems, premature neonates weighing less

than 1,200 g at birth should receive irradiated cellular components.*® Guidelines for irradiated cellular
components, published by the British Society for Haematology in 2020, states that non-irradiated
cellular products are appropriate for preterm and term infants with no history of intrauterine
transfusion. The guidelines state that blood needs to be irradiated for both intrauterine transfusion and
exchange transfusion and should be transfused within 24 hours to prevent hyperkalemia." Pathogen-
reduced platelets do not need to be irradiated as this inactivates residual lymphocytes.*

Transfusion-transmitted disease is an issue with any patient population. Specific to those with
compromised immune systems, including neonates, cytomegalovirus (CMV)-seronegative blood has
been recommended due to the ability of the virus to contribute to morbidity and mortality in these
patient populations.?* With the spread of universal leukocyte reduction across blood suppliers, CMV
testing may be overkill. Since CMV normally resides in leukocytes, leukoreduced products are considered
CMV-safe. The results of a 2014 study on CMV transmission in blood and breast milk demonstrated that
leukocyte-reduced blood was less likely to transmit CMV compared with breast milk.*
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CONCLUSION

PBM in pediatrics is a complex yet essential aspect of medical care that requires tailored approaches
to meet children’s unique physiological and medical needs. The evolving guidelines and evidence
support more restrictive transfusion thresholds, which have been shown to be non-inferior in terms
of outcomes compared to liberal thresholds. This approach not only reduces the risk associated with
transfusions but also emphasizes the importance of individualized care, particularly for neonates
who require specific considerations beyond just hemoglobin levels.

Moreover, alternative modalities such as iron supplementation, ESAs, and ANH offer promising
strategies to manage anemia and reduce the need for transfusions in pediatric patients. These
methods highlight the ongoing advancements in PBM that aim to optimize patient outcomes while
minimizing exposure to blood products. Identifying and managing anemia early, through both clinical
evaluation and laboratory testing, remains a critical component of preoperative care in pediatrics.

Table 1: Recommended transfusion thresholds for neonates with clinical instability®

0-7 days <11g/dL
8-14 days <10 g/dL
>=15 days <8 g/dL
0-7 days <11g/dL
>= 8 days <7 g/dL

Table 2: Recommended transfusion thresholds for stable neonates®®

Preterm Neonates <35 weeks Hemoglobin
0-7 days <10 g/dL
8-14 days <8 g/dL
>=15 days <7 g/dL
Neonates >= 35 Weeks Hemoglobin
0-7 days <10 g/dL

>= 8 days <7 g/dL
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