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Transfusion in Critically Il Children: Indications,

Risks, and Challenges

Robert I. Parker, MD*"?

Objective: To provide a concise review of transfusion-related
issues and practices in the pediatric patient population, with a
focus on those issues of particular importance to the care of criti-
cally ill children.

Data Source: Electronic search of the PubMed database using
the search terms “pediatric transfusion,” “transfusion practices;’
“transfusion risks,” “packed red blood cell transfusion,’ “white
blood cell transfusion,” “platelet transfusion,” “plasma transfusion,’
and “massive transfusion” either singly or in combination.

Study Selection and Data Extraction: All identified articles pub-
lished since 2000 were manually reviewed for study design,
content, and support for indicated conclusions, and the bibliog-
raphies were scrutinized for pertinent references not identified in
the PubMed search. Selected studies from this group were then
manually reviewed for possible inclusion in this review.

Data Synthesis: Well-designed studies have demonstrated the
benefit of “restrictive” transfusion practices across the entire age
spectrum of pediatric patients across a wide spectrum of pediat-
ric illness. However, clinician implementation of the more restric-
tive transfusion practices supported by these studies is variable.
Additionally, the utilization of both platelet and plasma transfu-
sions in either a “prophylactic” or “therapeutic” setting appears to
be greater than that supported by published data.

Conclusions: The preponderance of prospective, randomized
trials and retrospective analyses support the use of a restrictive
packed RBC transfusion policy in most clinical conditions in
children. Neonatal transfusions guidelines rely largely on “expert
opinion” rather than experimental data. Current transfusion prac-
tices for both platelets and coagulant products (e.g., fresh-frozen
plasma and recombinant-activated factor VII) are poorly aligned
with recommended transfusion guidelines. As with adults, current
transfusion practices in children often do not reflect implementa-
tion of our current knowledge on the need for transfusion. Greater
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efforts to implement current evidence-based transfusion practices
are needed. (Crit Care Med 2014; 42:675-690)

Key Words: clotting factor concentrates; pediatrics; plasma;
platelets; red blood cells; transfusion

ransfusion of blood products to critically ill and injured

patients has been attempted for centuries, but it was not

until the issues of blood compatibility and typing were
recognized and addressed in the early 1900s, and methods to
effectively separate and store blood components were subse-
quently developed that this therapy entered into the mainstream
of medical care. The goal in transfusion of RBCs has always
been to normalize oxygen delivery to the tissues, although at
times blood transfusions have been used as a means of support-
ing intravascular volume. To meet both of these goals, a hemo-
globin (hematocrit) target of 10g/dL (30%) has historically
been cited as the “optimal” value when transfusing critically ill
or injured patients. However, over the past 10-15 years, several
studies have been published calling into question the benefit
of aggressive RBC transfusion and the appropriateness of this
transfusion target. Although there is a developing consensus
around transfusion practices, controversy still exists with regard
to the application of data-driven guidelines for specific patients.
Indeed, the implementation of new practices that conform with
published data remains slow. I will review the current knowl-
edge of the risks and benefits of blood transfusion and the prac-
tice guidelines that have developed from these data focusing on
the clinical situations that can be reasonably generalized from
those data, including current thoughts on the prevention and
support of the patient requiring “massive transfusion.” Where
there is no pediatric literature on which to rely, experience in
adult patients will be used to fill this knowledge gap. This review
will not cover perinatal transfusion practices and guidelines, the
use of erythropoietin to treat anemia, or blood transfusions for
clinical conditions in which the transfusion practices cannot
be generalized to a broader patient population (e.g., transfu-
sion in neurosurgical, extracorporeal membrane oxygenation,
and cardiopulmonary bypass patients). Additionally, the use of
albumin, and other blood products, as a plasma expander will
not be addressed in this review, as a thorough discussion of the
uses of albumin is beyond the scope of this review.
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TRANSFUSION RISKS
Transfusion of blood products is known to carry risks to
the recipient. Among these are acute and delayed hemo-
lytic reactions, alloimmunization, fever, allergic reactions,
transmission of certain infections (HIV, hepatitis B & C,
cytomegalovirus [CMV], malaria, babesiosis, etc.), volume
overload with cardiac decompensation (transfusion-associ-
ated cardiac overload), acute lung injury (transfusion-related
acute lung injury [TRALI]), and immunosuppression
(transfusion-related immunomodulation [TRIM]) (1-8)
(Fig. 1). Additional risks include the development of trans-
fusion-associated graft-versus-host disease (TA-GvHD) and
transfusion-associated microchimerism resulting from the
transfusion of immunocompetent cells (or DNA) into an
immunoincompetent patient. The fatality rate of TA-GvHD
approaches 100%, whereas the clinical/immune consequences
of transfusion-associated microchimerism are unknown. Even
with extended cross matching in patients at risk for frequent
transfusions and consequent alloimmunization (e.g., patients
with sickle cell disease or thalassemia syndromes), approxi-
mately at least 1 new alloantibody develops in 14% of patients
as a consequence of repeated transfusion (9, 10). This may
result in an increased difficulty in identifying cross-match
compatible blood for transfusion. It is estimated that up to
one-half of multiply transfused patients will experience a
transfusion reaction (11).

Transfusion of large volumes of blood products, in the
setting of massive transfusion (see below), when multiple
units are administered over several days, or with therapeutic

apheresis, may result in the development of metabolic
derangements. These include hyperkalemia, particularly in the
setting of antecedent renal insufficiency, and metabolic alka-
losis, hypocalcemia, and hypochloremia due to accumulation
of calcium-citrate complex. This latter complication is more
pronounced in the setting of liver failure or liver transplanta-
tion (12—-14).

Infection
Prior to current viral testing procedures (including donor
self-deferral), presented the greatest risk for
transfusion-transmitted infection (TTI) (Table 1). However,
at the present time, bacterial contamination of blood prod-
ucts presents the greatest risk for TTI (15-20). This risk has
been documented in several developed countries worldwide,
with risk of infection ranging from 0.2 to 7.4 events per mil-
lion RBC units. The greatest risk for bacterial TTI is consis-
tently demonstrated for platelet concentrates stored at room
temperature with an incidence of 1:2,000-3,000 platelet trans-
fusions. Gram-positive organisms, particularly those that rep-
resent normal skin flora including Staphylococcus epidermidis
and Staphylococcus aureus, represent the predominant bacteria
contaminating platelet transfusions. Transfusion-transmitted
bacterial infection (TTBI) resulting from platelet transfusions
is less in apheresis obtained platelet units when compared with
platelet units obtained from whole blood donation. Transmis-
sion of gram-negative bacteria is an even rarer event and is
thought primarily to result from units collected from a donor
with asymptomatic bacteremia. Although bacterial contami-
nation more commonly occurs
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with platelet units, gram-neg-
ative contamination is more
often associated with transfu-
sion of packed RBC (pRBC)
units (15-20). However, the
greatest risk of infection from
RBC transfusion is with the use
of cell-saver blood transfused
intraoperatively or postopera-
tively (21, 22). When a TTBI is
suspected, the clinician must
promptly notify the blood bank
to minimize the chance that
other patients will be exposed
to blood products obtained
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remains a risk, particularly for
CMV. In most urban areas,

Figure 1. Adverse effects of RBC transfusion contrasted with other risks. HCV = hepatitis C virus, HBV = hep-
atitis B virus, TRALI = transfusion-related acute lung injury, TACO = transfusion-associated circulatory overload.

Reproduced with permission from Carson et al (1).
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50% of blood donors (or more)
will be CMV positive by young
adulthood. Transmission of
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TABLE 1. Infectious Agents Transmittable in Blood

Viruses Parasitic Diseases
Hepatitis A, B? C% E Malaria

Human immunodeficiency virus® Babesiosis

Human T-lymphotropic virus I/112 Chagas

Herpes simplex virus Leishmaniasis
Dengue

West Nile?

Toxoplasmosis
Cytomegalovirus® Trypanosomiasis
Epstein-Barr virus Prions
Parvovirus B-19

Human herpes virus-8 Nematodes

Microfilariasis

Treponema pallidum?

Variant Creutzfeldt-Jakob

Bacteria

Gram positive®
Staphylococcus species
Streptococcus species
Bacillus species
Propionibacterium acnes
Enterococcus faecalis

Gram negative®
Escherichia coli, Acinetobacter, Klebsiella
Pseudomonas, Serratia, Enterobacter species
Pasturella multocida, Yersinia enterocolitica
Providencia rettgeri, Proteus mirabilis
Anaplasma phagocytophilum (Anaplasmosis)
Rickettsia

“Those pathogens routinely found in the United States.

CMV by transfusion of blood products from a CMV-positive
donor to nonimmune individuals is assumed but can be
reduced to a level approaching that noted with the transfusion
of “CMV-negative” blood products through leukodepletion of
the cellular blood product unit; approximately 2.5% of CMV-
negative individuals will be found to seroconvert to CMV posi-
tive following transfusion of CMV-negative blood products.
Such blood products are frequently referred to as being “CMV
safe” (23-25). The risk of hepatitis B virus transmission through
blood transfusion is essentially at the incidence in the general
(nontransfused) population (< 1:200,000-500,000), whereas
that for HIV or hepatitis C virus is approximately 1:1,000,000—
2,000,000 (Fig. 1). With greater ease of rapid intranational
and international travel, there is an increased/continued risk
of transfusion of regional infectious diseases (e.g., malaria)
outside of its usual geographic containment. Other protozoal
disorders with an intraerythrocytic stage (e.g., babesiosis) have
also been shown to be transmitted by transfusion, although
exact risks for transmission of these organisms cannot be cal-
culated due to their limited geographic distribution (1, 26-28).

The methods for pathogen reduction in blood products
currently approved in the United States or under study are
listed in Table 2 (reviewed in [29]). However, clinicians can
also minimize the secondary contamination of blood prod-
ucts by following current requirements that all blood prod-
ucts be transfused within 4 hours of the blood product unit
being entered (i.e., spiked) on the clinical unit or returned to
the blood bank within 30 minutes if it is not spiked and not
to be immediately transfused. Additional potential benefits to
pathogen reduction techniques may also exist. These include
enhanced leukocyte inactivation, reduced microparticle load
of the blood product, and decreased risk of TRALI resulting
from a decrease in antileukocyte and anti-human leukocyte
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antigen antibodies with the use of solvent/detergent—treated
plasma. However, cost-benefit analyses are needed to deter-
mine if the added costs are justified (30).

Hemolysis

Acute hemolytic events may be life threatening and are often
the result of human error in which a noncompatible unit of
blood is given to the wrong patient. These reactions almost
exclusively occur when ABO incompatible blood is transfused,
although infrequent cases of acute hemolytic events have been
reported with minor blood group incompatibility. It is esti-
mated that the risk of an acute hemolytic transfusion reac-
tion is 1:70,000 per unit, whereas that for a delayed hemolytic
transfusion reaction is 1:1,500 transfusions. The likelihood of
an adverse outcome from the reaction is higher in children
and neonates than in adults: 13:100,000 in adults, 18:100,000
in children less than 18 years, and 37:100,000 in infants
(31, 32). The event is heralded by fever, chills, hypotension,
back pain, passage of dark (tea colored) urine, and then oligu-
ria. Symptoms generally develop after only a few milliliters of
blood (generally < 10mL) have been transfused. Management
requires discontinuance of the unit of blood being transfused,
and the infusion of large volumes of normal saline (with or
without diuretics) to maintain adequate urine output. It is
important to note that acute hemolytic transfusion reactions
can occur with the transfusion of any cellular blood product
due to the presence of high-titer isohemagglutinins in the
donor plasma, although the anti-ABO antibody titer in the
donor blood unit is not always predictive of the risk of hemo-
lysis (33-37). The second group of hemolytic reactions is those
referred to as “delayed hemolytic reactions.” These result from
the development of alloantibodies (typically directed against
minor blood groups such as Jk and Fy RBC antigens), which
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TABLE 2. Methods of Pathogen Inactivation in Blood Products

Method Useful for; Effective Against

Description

Solvent-detergent  Inactivates enveloped but not nonenveloped

viruses

Plasma; lipid enveloped
viruses only

Food and Drug
Administration approved

Plasma; most viruses and
bacteria

Methylene blue Dimethylmethylene blue binds to nucleic acids

and activated on visible light exposure

No longer under study

Helinx Psoralen S-59 and UV-A light exposure causes ~ Plasma and platelets; most Licensed in Europe; under
cross-linking with pathogen DNA; process viruses and bacteria study in the United
not effective in RBC units States

Antimicrobial Bind to specific microbes and result in Platelets; most bacteria Under study

peptides membrane disruption and microbial death

Inactine PEN111 binds to guanine residues in DNA, RBCs Under study
is effective against cell-free pathogens,
interferes with leukocyte function in vivo,
and has resulted in RBC antibodies against
neoantigens

FRALE FRALE, S-303 method cross-links both DNA RBCs; most viruses and Under study
and RNA and has resulted in RBC antibodies bacteria
against neoantigens

Mirasol Riboflavin absorbs visible and UV light at RBCs; most viruses and Under study in the United

419nm and intercalates DNA and RNA

causing guanine oxidation and single-
strand breaks

States; licensed in
Europe for RBCs;
licensed for platelets
and plasma in some
European and Asian
countries

bacteria

UV = ultraviolet, FRALE = frangible anchor linker effector.
Data are from Sobral et al (29).

develop during transfusion and typically result in hemolysis
occurring within 10 days following transfusion. These patients
are “cross-match” compatible but experience an anamnestic
response upon transfusion with development of increased anti-
body titers and consequent hemolysis. The rate of hemolysis is
generally relatively mild but does result in a shortened survival
of transfused RBC. However, a rapid anamnestic response may
infrequently occur that can produce marked hemolysis with
hemoglobinuria and risk for kidney damage.

Fever

Fever occurring late in the course of a transfusion is the most
common adverse event associated with transfusion of pRBCs,
occurring in up to 1% of transfusions (38). These are generally
caused by contaminating leukocytes in the transfusion prod-
uct. The risk of transfusion-associated febrile episodes can be
reduced though prestorage leukoreduction of the transfusion
product. The use of in-line leukocyte filters for transfusion of
units of blood not leukodepleted at the time of collection has
been shown to have some, though limited, effect as well (39-41).
The greater efficacy in the prevention of transfusion-associated
febrile reactions with the use of prestorage leukoreduced blood
products is thought to result from a reduction in inflamma-
tory cytokines produced by contaminating leukocytes during
the storage period. Although these febrile episodes are gener-
ally not reflective of infection, they may result in some degree

678 www.ccmjournal.org

of morbidity and frequently result in additional medical costs
from investigation into the cause of the fever.

Transfusion-Associated Circulatory Overload

A similar incidence of 1% exists for transfusion-associated cir-
culatory overload, although the careful clinician should be able
to anticipate volume overload in “at-risk” patients and mini-
mize the risk by altering the transfusion rate, volume, or the
concomitant use of diuretics (7, 8).

Allergy

Late allergic reactions (e.g., hives) are the result of exposure to
plasma proteins or proteins adsorbed onto the RBC membrane.
These rarely result in severe reactions but may require short-term
treatment with antihistamines and/or corticosteroids. These
types of reactions are generally “donor specific,” but in individu-
als who experience repeated episodes with transfusion products
obtained from different donors, the reactions can be minimized
by washing the pRBC unit free of plasma and adsorbed plasma
proteins (42, 43). Severe anaphylactic or anaphylactoid reaction
may occur in individuals who are severely IgA deficient (esti-
mated incidence 1:1,200); however, less than 5% of IgA deficient
individuals are at risk for these reactions (44, 45). Approximately
one third of these reactions are the result of IgE-mediated his-
tamine release from mast cells, whereas the mechanism for the
remaining two-thirds of cases is not clear.
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TRALI

The prevalence and pathophysiology of TRALI have recently
been reviewed (4, 5). This appears to be predominantly an
antibody-mediated process resulting from the presence of anti-
neutrophil and/or anti-HLA antibodies present in the donor
plasma. Exclusion of plasma and platelets from multiparous
women has significantly decreased the prevalence of TRALI
as reported in national blood surveillance programs. However,
even with this strategy, cases of TRALI occur, particularly when
type AB blood product is required (46-48). Recently, the Amer-
ican Association of Blood Banks (AABB) has issues of new
guidelines for identification and potential exclusion of high-
risk blood products obtained from donors who have had prior
donated units implicated in an episode of TRALI. These include
high-volume plasma products (defined as whole blood, plasma,
and “unmanipulated” apheresis platelet units obtained from
multiparous women). Units obtained from men, never preg-
nant women, or women who have been tested since their last
pregnancy and found to be negative for anti-HLA antibodies
are acceptable. In addition, platelet units with reduced plasma
volume due to collection with an approved platelet additive
product are deemed to be low risk for TRALI. It is anticipated
that implementation of these guidelines (scheduled for October
2014) will reduce the risk of TRALI with type AB high plasma
volume blood products. Limited reports of TRALI in the pedi-
atric population place the incidence below that in adults at
approximately 1.8 per 100,000 transfusions (6).

RBC STORAGE LESION

Multiple studies have demonstrated changes in the ability of
stored RBCs to effectively deliver oxygen to tissues following
transfusion (reviewed in [49, 50]). These changes have collec-
tively been termed the RBC storage lesion. Current lines of inves-
tigation identify many different aspects of RBC physiology and
cell biology as contributing to the abnormalities noted in RBC
function following storage after collection. These abnormalities
include membrane changes resulting in decreased RBC deform-
ability, aggregation, and adhesion; altered intracellular constitu-
ents resulting in decreased oxygen delivery (e.g., decreased RBC
2,3-diphosphoglycerate); and the effects of free Hb, iron, and
RBC microparticles on nitric oxide availability, immune regula-
tion, and coagulation. What has not been determined, however,
is the relative clinical and physiologic importance played by each
of these defects, under what conditions each is generated during
RBC storage, and which patients are most susceptible to the RBC
lesion produced (49-55). Although some studies have demon-
strated an association of duration of storage with the magnitude
of the defect, clinical studies assessing outcome as a function of
the age of transfused blood have produced differing conclusions
(56-62) (please see following section).

TRIM

Transfusion of stored RBCs has been shown to increase the risk
of nosocomial infections and sepsis in ICU patients, and stud-
ies have demonstrated some impairment of immune response
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in patients who have been multiply transfused. Additionally, in
vitro studies have confirmed an immunomodulatory effect of
stored RBCs (63—68). A meta-analysis by Hill et al (69) in 2003
concluded that the transfusion of allogeneic blood represented
a significant risk for nosocomial infection in trauma patients.
Initially, contaminating leukocytes (or leukocyte-derived cyto-
kines) in RBC units were hypothesized to be a primary source
of TRIM. The subsequent availability of prestorage leukode-
pletion has decreased the prevalence of infectious and non-
infectious morbidity of RBC transfusions (70, 71). Indeed,
a prospective study investigating the effect on leukodepleted
stored RBCs on outcome of transfused trauma patients con-
cluded that the transfusion of prestorage pRBCs prevented
the deleterious effect of RBC age on outcome (72). Although
prestorage leukodepletion reduces the number of contaminat-
ing leukocytes in a unit of RBCs, some leukocytes remain and
can potentially contribute to TRIM.

The exact mechanism by which transfusion of stored RBCs
contribute to TRIM is not clear, but one hypothesis is that the
damage incurred by RBCs during storage produces hemoly-
sis in the microvasculature and spleen which in turn causes
local release of iron. This may also be augmented by free iron
contained in the RBC unit. As a consequence, a cascade of
events resulting in a proinflammatory response and inhibition
of iron-modulated antimicrobial processes is then initiated
(73-76). There are some evidences that RBC microparticles
may also play a role in this process (30). Multiple studies look-
ing at outcome as affected by the age of pRBCs transfused in
adult patients have suggested a correlation with the age of
stored RBCs (older RBCs associated with worse outcome), but
the findings are not consistent and cannot be interpreted as
being conclusive (reviewed in [77]). Recent reports have sug-
gested that the transfusion of “older” stored pRBCs is associ-
ated with a poorer outcome in pediatric cardiac patients and
in adult trauma patients (78, 79). However, a similar effect was
not noted in very low-birth-weight neonates (58). A single
study in adult trauma patients has also shown a similar effect
on outcome (particularly an increased prevalence of sepsis)
when older stored platelet concentrates were transfused (80).
Two recently published prospective observational studies have
addressed the question of age of transfused blood and outcome
(81, 82). Karam et al (81) in a prospective observational study
demonstrated an increase in multiple organ failure in those
children who received pRBCs stored for more than or equal
to 14 days before transfusion, whereas in a cohort analysis of
patients enrolled on the Transfusion in Pediatric Intensive Care
Units (TRIPICU) study, Gauvin et al (82) found a suggestion of
greater risk of multiple organ failure in children who received
blood stored for more than 2—3 weeks before transfusion. Given
the complex heterogeneity of many of these patient groups, it
is not unreasonable to expect that although some patients may
benefit from the transfusion of younger blood, identification of
who those patients are will be exceedingly difficult. Conclusions
to be drawn from these reports are limited owing to the ret-
rospective, nonrandomized nature of many of these studies,
but age of stored blood products to be transfused may be an
679
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important factor affecting outcome. A thorough discussion
of this topic is beyond the scope of this review, and I refer the
interested reader to the listed references.

BLOOD PRODUCT TRANSFUSION

Both cellular (i.e., RBCs, WBCs, and platelets) and acellular
(fresh-frozen plasma [FFP] and cryoprecipitate) blood prod-
ucts can be used to replace deficient blood components. RBC
products (whole blood and pRBCs) make up approximately
63% of transfused units with the remainder comprised FFP
(20%), platelets (9%), cryoprecipitate (5%), and granulocytes
(3%) (83). Commonly applied indications and transfusion
thresholds for transfusion of each of these products are shown
in Table 3. Although there are strong data supporting a restric-
tive RBC transfusion threshold (see below) and for a platelet
prophylactic transfusion threshold of 10,000/mL, these data
were obtained in well-defined patient populations and these
transfusion thresholds may not be appropriate for all patients
and in all clinical settings. Consequently, the clinician must
exercise clinical judgment in deciding on the need for transfu-
sion. That being said, the AABB has published guidelines for

transfusion of blood products in neonates and children that take
into account the currently available evidence (84) (Tables 4-7).
It must be pointed out, however, that particularly when directed
toward neonates, the data supporting many of these recom-
mendations are limited and rely largely on “expert opinion.”
Several of these transfusion triggers appear to be higher than
needed (e.g., platelet transfusion trigger of 100,000/mL in a
nonbleeding infant or transfusion of pRBCs at a hematocrit of
30% [i.e., Hb of 10g/dL] with mild respiratory dysfunction) in
light of our newer understanding of the benefits and risks of
blood product transfusion. Consequently, clinicians must apply
these recommendations with caution. It is this author’s opinion
that many of these recommended transfusion thresholds repre-
sent a starting point at which a transfusion should be consid-
ered, but that lower Hb or platelet transfusion triggers may be
appropriate depending on the patient’s specific clinical setting.

RBC TRANSFUSION: LIBERAL VERSUS
RESTRICTIVE TRANSFUSION PRACTICES
Recently, two excellent reviews on transfusion practices in
PICU patients have been published, and I refer the reader

TABLE 3. Blood Products and Indications for Use

Product General Goal or Indication

Whole blood
Packed RBCs  To increase the O, carrying capacity of blood

Platelets
of a qualitative platelet defect

Granulocytes

FFP

To treat or prevent bleeding secondary to critical thrombocytopenia or in the presence

To treat bacterial or fungal infections not responsive to usual antimicrobial agents in the
presence of critical neutropenia or the presence of qualitative granulocyte defects

Transfusion Threshold?

The replacement of plasma and all cellular blood components

Hb <7g/dL

Bleeding patient:
platelets
< 40-50,000

Prophylactic: platelets
< 10,000

Neutropenia: defined
as an absolute
neutrophil count
< 500/pL

To replace deficient clotting factors when a clotting factor concentrate is not available,

when multiple clotting factors are deficient (e.g, disseminated intravascular
coagulation, massive transfusion), when the cause of the coagulopathy is not
known, or emergency treatment of warfarin-associated bleeding (e.g., intracranial

hemorrhage)

FFP for volume support is not an accepted indication

Note: product is not treated to minimize viral transmission

Cryoprecipitate

In the presence of hypo- or dysfibrinogenemia when fibrinogen concentrate is not
available; for the prophylactic or therapeutic management of factor XllI deficiency in

Fibrinogen
<75-100mg/dL

the absence of factor XllII concentrate; or for treatment of factor VIII deficiency or

von Willebrand disease in infants

Note: product is not treated to minimize viral transmission

Clotting factor
concentrates
complex concentrate preferred)

To replace a specific, identified individual clotting factor or correction of warfarin-
associated prolongation of the international normalized ratio (four-factor prothrombin

Variable

FFP = fresh-frozen plasma.

#Transfusion threshold may be higher depending on the clinical status of the patient.
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to these reviews for a more in-depth treatment of the topic
(85, 86). In 1999, Hébert et al (87) published a multicenter
randomized trial of pRBC transfusion threshold in nonbleed-
ing adult ICU patients in which they found that the outcome
of patients assigned to a “restrictive” transfusion policy (i.e., a
transfusion trigger of 7 g/dL) was no worse (possibly better) than
that for patients who were assigned to the “liberal” transfusion
group (i.e., transfusion trigger of Hb < 10 g/dL). Subsequently,
this study was repeated in neonates (88), in older children (89),
and in a broad spectrum of hospitalized adult patients (90, 91)
with similar conclusions being reached in each study. This same
lack of harm with the implementation of a restrictive transfu-
sion policy was also shown in patients with sepsis (92) and in
postoperative general and cardiac surgical patients in the pedi-
atric population (93-96). The results of a subgroup analysis of
patients from the TRIPICU study have subsequently been con-
firmed in two single institution studies in which patients were
randomized to either a restrictive or liberal transfusion strategy.
Although the exact transfusion triggers were not identical (< 8.0
and < 10.8 g/dL for the study by de Gast-Bakker et al [94] and
< 9.0 and < 13.0 g/dL for the study by Cholette et al [94]), the
findings were similar demonstrating no relative benefit from
a liberal transfusion policy versus a more restrictive one with
those patients in the restrictive group having fewer transfusion
events and donor exposures. Analysis of outcomes in pediatric
cardiac surgery patients has demonstrated a worse outcome for
those patients who received more pRBC transfusions, and this
worse outcome was not due to identifiable patient character-
istics (97-99). Whether the transfusions themselves were the
cause of the poorer outcome or merely a marker for it is not
clear (100), although the findings of similar disparities in out-
comes in more heavily transfused patient groups across age and
disease categories suggests that the transfusion of pRBCs has a
negative effect on outcome (see below).

In the neonatal ICU (NICU), a restrictive transfusion pol-
icy has been shown to result in a small reduction in allogeneic
blood exposure for infants and no worsening of clinical out-
comes when compared with traditional liberal transfusion pol-
icies (88). However, in contrast to the hemoglobin thresholds
describing restrictive and liberal transfusion cohorts employed
in studies with adults and older children (i.e., restrictive cohort =
Hb < 7 g/dL; liberal cohort = Hb < 10 g/dL), hemoglobin
thresholds triggering a pRBC transfusion in the Premature
Infants Needing Transfusion study were dependent on the age
and clinical status of the infant (i.e., need for respiratory sup-
port) (4). This has led to a reassessment of current transfusion
practices in the NICU with the goal being a cleared assess-
ment of the risks and benefits of transfusion in this patient
population (101). In several retrospective studies investigating
the outcome of very low-birth-weight infants as a function of
pRBC transfusion, transfusion of pRBCs has been shown to
carry an increased risk of neurocognitive abnormalities, the
development of necrotizing enterocolitis, and severe intra-
ventricular hemorrhage (102-108). In spite of the strength of
these data supporting the use of a more restrictive transfusion
protocol (i.e., use of a lower Hb level to trigger transfusion),
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adult and pediatric critical care, neonatology, and pediatric
hematology/oncology practitioners have been slow to adopt
restrictive transfusion practices across patient populations
(109-115). An element of this resistance may be the difficulty
in identifying which patients may require a higher transfusion
threshold because of specific patient characteristics. These fac-
tors include, but are not limited to, the need for supplemental
oxygen and/or mechanical ventilatory support, the presence of
cardiomyopathy, hemodynamic instability or need for vaso-
pressor support, and active bleeding (Table 4). Although it is
attractive to assume that intensivists have been more willing to
adopt a restrictive transfusion policy in those of their patients
deemed to be “stable,” the published studies have not addressed
this question. Consequently, as many of the published guide-
lines in neonates and younger children rely heavily on expert
opinion, it is very likely that the transfusion thresholds were
set arbitrarily higher than needed in order to reach consen-
sus while recognizing that identification of the specific factors
that would indicate the need for a transfusion of RBCs (e.g.,
evidence of anaerobic metabolism in specific tissues) is diffi-
cult if not impossible with available technology in individual
patients. As we are better able to identify those patients who
require and will benefit from a higher circulating oxygen car-
rying capacity, it is anticipated that transfusion thresholds will
become better defined.

TRANSFUSION OF FFP AND
CRYOPRECIPITATE

FFP is second only to RBCs in the frequency of transfusion.
However, most studies have shown that it is frequently trans-
fused with weak or no accepted indication. FFP is commonly
infused in nonbleeding patients to provide intravascular vol-
ume, to correct a prolonged prothrombin time (PT), or to
decrease the risk of bleeding with a planned invasive proce-
dure (116-120). The evidence supporting these practices and
the anticipated benefit is frequently outweighed by the poten-
tial risk of FFP infusion (121-123). Correction of a prolonged
PT or activated partial thromboplastin time by FFP infusion
generally requires a large volume of FFP relative to the patient’s
blood volume given the low concentration of each clotting fac-
tor contained in FEP (i.e., 1 U clotting factor/mL plasma); to
increase a deficient clotting factor level by 0.1 U/mL (10% of
normal activity level) would require an infusion of approxi-
mately 3-5 mL FFP/kg body weight. Randomized clinical trials
investigating the efficacy of prophylactic FFP infusions across
a broad range of patient age and clinical settings are limited,
and those studies when taken in toto have failed to consistently
demonstrate benefit (123, 124). Indeed, in a retrospective anal-
ysis of adult ICU patients who received FFP prior to central
venous cannula placement, those patients who did receive FFP
experienced a similar prevalence of bleeding when compared
with patients who did not receive FFP, and the prevalence of
“acute lung injury” in the 48 hours following FFP infusion was
much higher in the transfused group (18% vs 4%; p = 0.02)
(125). Other studies have failed to demonstrate a predictable

www.ccmjournal.org 681



Parker

TABLE 4. American Association of Blood
Banks Transfusion Guidelines for RBCs in
Infants Younger Than 4 Months

1. Hematocrit < 20% with low reticulocyte count and
symptomatic anemia (tachycardia, tachypnea, poor
feeding)

2. Hematocrit < 30% and any of the following:
a. On < 35% oxygen hood?
b. On oxygen by nasal cannula?

¢. On continuous positive airway pressure and/or
intermittent mandatory ventilation on mechanical
ventilation with mean airway pressure < 6cm of water

d. With significant tachycardia or tachypnea (heart rate
> 180 breaths/min for 24 hr, respiratory rate > 80
breaths/min for 24 hr)

e. With significant apnea or bradycardia (> 6 episodes
in 12hr or 2 episodes in 24 hr requiring bag and
mask ventilation while receiving therapeutic doses of
methylxanthines)

f. With low weight gain (< 10g/d observed over 4 d while
receiving 2 100 kcal/kg/d)

3. Hematocrit < 35% and either of the following:
a. On > 35% oxygen hood?

b. On continuous positive airway pressure/intermittent
mandatory ventilation with mean airway pressure
> 6-8cm of water

4. Hematocrit < 45% and either of the following:
a. On extracorporeal membrane oxygenation?

b. With congenital cyanotic heart disease®

“These represent weak recommendations with limited supporting data and
a wide range of clinical practice. A lower transfusion threshold may be
appropriate after careful evaluation of any individual patient.

Data are from Josephson (85).

correction of a prolonged PT with FFP infusions (85, 126,
127). Additionally, these studies have also failed to demon-
strate a benefit of prophylactic FFP infusions in patients with
an international normalized ratio (INR) between 1.5 and 2.0
calling into question the need to provide FFP support for these
patients. Many clinicians use the INR as a surrogate measure of
the PT and as such an indicator of a coagulopathic state. How-
ever, although the INR is calculated from the PT, it has never
been validated as an indicator of bleeding risk (128, 129). A
recent consensus conference supported by the AABB address-
ing the use of FFP (130) found two clinical settings (in addition
to the treatment of a bleeding patient with a coagulopathy for
which a specific clotting factor concentrate was not available)
in which the use of FFP was indicated (Table 3). These were 1)
massive transfusion and 2) patients with warfarin-associated
intracranial hemorrhage. The group specifically recommended
against prophylactic FFP infusions for patients not in these two
groups. The AABB guidelines for plasma transfusions in chil-
dren are similar (Table 5). In spite of these recommendations,
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plasma usage continues to increase with the primary cause
being infusions administered in “nonindicated” clinical set-
tings (131). A solvent/detergent—treated pooled human plasma
product has recently been approved for use in the United States
by the FDA. It is anticipated that its use will reduce the risk
of viral transmission in patients who receive large quantities
of plasma in the treatment of undefined or multiple clot-
ting factor deficiencies as can be present in patients with liver
disease or trauma requiring massive transfusion. Although
this product was developed to reduce FFP-associated patho-
gen transmission, extensive use of this product in Europe
has demonstrated a dramatic reduction in the prevalence of
TRALI. Possible mechanisms for this effect include dilution
of anti-HLA and antineutrophil antibodies implicated in the
induction of TRALI through the pooling of several thousand
donors in the production of each batch of solvent/detergent—
treated plasma and the removal of any residual contaminating
leukocytes in the processed plasma (132).

Recently, a new recombinant clotting factor concentrate
of activated factor VII (recombinant-activated human factor
VII [rhFVIIa]) has become available and is frequently used in
the treatment of refractory bleeding. The approved indica-
tions for this agent in the United States and Europe are for
the treatment or prevention of bleeding in patients with con-
genital hemophilia A (factor VIII deficiency) or B (factor IX
deficiency) with inhibitors to factor VIII or factor IX, patients
with congenital factor VII deficiency, and in acquired hemo-
philia. An additional indication in Europe is the treatment
of bleeding in patients with Glanzmann thrombasthenia.
Prothrombin complex concentrates (specifically four-factor
concentrates) are the recommended treatment of bleed-
ing in patients on vitamin K antagonist anticoagulation or
correction of a prolonged PT secondary to warfarin antico-
agulation (133). However, recent statistics from the United
States show that less than 5% of rhFVIIa use is for approved
indications (133). Although there have been several random-
ized controlled trials investigating the usefulness of rhF-
VIIa demonstrating decreased blood loss in several clinical
settings, effect on outcome (i.e., mortality) in patients with
refractory or severe bleeding has generally not been dem-
onstrated. Additionally, results of this analysis indicated an
increased risk of arterial thrombotic events in patients receiv-
ing rhFVIIa. Consequently, a large meta-analysis of the use
of rhFVIla for the prevention or treatment of bleeding has
failed to support the use of rhFVIIa outside of its current
approved indications (134). This lack of documented efficacy
of rhFVIIa may reflect limitations in identifying patients who
would benefit from this product rather than a lack of efficacy
of the product itself. Until those patients who will benefit
from this agent can be clearly identified, off-label use of rhF-
VIla and other similarly hemostatic blood products should
be used with caution.

Cryoprecipitate is a plasma fraction produced by the con-
trolled thawing of frozen plasma that is enriched in factor
VIII, von Willebrand factor (vWf), factor XIII, and fibronec-
tin as a result of its production. In addition, cryoprecipitate
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TABLE 5. American Association of Blood
Banks Transfusion Guidelines for Plasma
Products in Neonates and Older Children

FFP

1. Support during treatment of disseminated intravascular
dissemination

2. Replacement therapy

a. When specific factor concentrates are not available,
including, but not limited to, antithrombin; protein C
or S deficiency; and factor Il, factor V, factor X, and
factor XI deficiencies

b. During therapeutic plasma exchange when FFP is
indicated (cryoprecipitate-poor plasma, plasma from
which the cryoprecipitate has been removed)

3. Reversal of warfarin in an emergency situation, such as
before an invasive procedure with active bleeding?

Cryoprecipitate

1. Hypofibrinogenemia or dysfibrinogenemia with active
bleeding

2. Hypofibrinogenemia or dysfibrinogenemia while
undergoing an invasive procedure

3. Factor XIII deficiency with active bleeding or while
undergoing an invasive procedure in the absence of
factor XllII concentrate

4. Limited directed-donor cryoprecipitate for bleeding
episodes in small children with hemophilia A (when
recombinant and plasma-derived factor VIII products are
not available)

5. In the preparation of fibrin sealant

6. von Willebrand disease with active bleeding but only
when both of the following are true:

a. Desamino-p-arginine vasopressin is contraindicated,
not available, or does not elicit response

b. Virus-inactivated plasma-derived factor VIII
concentrate (which contains von Willebrand factor) is
not available

FFP = fresh-frozen plasma.

2Current recommendations for reversal of warfarin in emergency situations or
for bleeding is to infuse four-factor prothrombin complex concentrates (PCC)
when available. As of this writing, there are no four-factor PCCs available

in the United States. A four-factor PCC product is currently undergoing
regulatory review for use in the United States with an indication of emergency
reversal of warfarin-induced coagulopathy (Beriplex; CSL Behring, King of
Prussia, PA).

FFP is not indicated for volume expansion or enhancement of wound healing.
Data are from Josephson (85).

also contains fibrinogen at approximately one-third plasma
levels (i.e., 150-350 mg/bag; 1 bag cryoprecipitate is derived
from 1U of plasma). As there are plasma-derived concentrates
for vWf and both plasma and recombinant sources for factor
VIII, the usual setting in which cryoprecipitate is infused is
in individuals with hypofibrinogenemia who cannot tolerate
large volumes of plasma. Cryoprecipitate is not appropriate for
treatment of global coagulopathies due to the limited spectrum
of clotting factors contained (123). The use of cryoprecipitate
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for the treatment of hypofibrinogenemia may be supplanted
by fibrinogen concentrates now being used in Europe and
recently approved for use in the United States (135, 136).

PLATELET TRANSFUSIONS

Platelets are obtained either from a single-donated unit of
whole blood or by the process of platelet apheresis (thrombo-
cytapheresis). The latter involves processing all of one donor’s
blood volume (also known as “single donor volume”) com-
monly via a continuous flow cell separator. Platelets harvested
from a single unit of donated whole blood are often referred to
as “random donor” platelets, whereas those obtained by apher-
esis are referred to as “single donor” platelets. The latter con-
tain at least 3 10" platelets/container or unit, the precise yield
depending on the donor’s predonation platelet count. A single
donor platelet unit is equivalent to 6-8 random donor platelet
units. Donated platelets are stored in an incubator with a slow
back-and-forth agitation (to prevent aggregation) with con-
trolled room temperature. Platelets are the only blood compo-
nent routinely tested for bacterial contamination. As with FFP,
platelet transfusions may be administered to prevent/reduce
the risk of bleeding (i.e., prophylactic transfusions) or to treat
clinically significant bleeding in the presence of thrombocyto-
penia (i.e., therapeutic transfusions). The indications for each
type of platelet transfusion are different with the data support-
ing prophylactic platelet transfusion guidelines generally being
stronger. Prophylactic platelet transfusions to prevent bleeding
in patients receiving cancer chemotherapy have represented
the standard of care for over 30 years. The data supporting this
approach date back to the 1960s and were initially obtained in
children and adolescents undergoing induction chemotherapy
for acute leukemia (137-139). These data have since been gen-
eralized to support the use of platelet transfusions in virtually
all thrombocytopenic patients. Although the initial studies pro-
duced a recommendation for prophylactic platelet transfusions
once the platelet count fell below 20,000/puL (140, 141), sub-
sequent data have resulted in a generally accepted transfusion
threshold of 10,000/pL (142, 143). This threshold is commonly
increased under conditions assumed to be associated with an
increased risk of bleeding (e.g., uncontrolled hypertension,
intracranial mass lesion, recent hemorrhage or surgery, recent
gastrointestinal hemorrhage, anticipated invasive procedure,
etc.). Published guidelines frequently recommend a higher
transfusion threshold prior to invasive procedures (e.g., 50,000/
L for procedures such as percutaneous central venous catheter
placement, bronchoscopy, endoscopy and solid organ biopsy,
and 100,000/mL for CNS procedures) (144—146). However, the
data supporting a higher transfusion threshold for prophylac-
tic platelet transfusions for invasive procedure are weak, and a
recent retrospective review concluded that higher platelet trans-
fusion threshold (i.e., 50,000/pL) is not superior to a 20,000/uL
threshold for prevention of procedural bleeding (137, 147). It
must be noted, however, that empiric, uncontrolled data sug-
gest that the risk of bleeding with thrombocytopenia appears to
be increased in children younger than 4 years when compared
with adults (141, 148), and consequently, a higher threshold for
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platelet support may be appropriate in these children. A recent
Cochrane Database analysis of published randomized clinical
trials addressing efficacy and dosing of prophylactic platelet
transfusions in patients with chemotherapy-induced throm-
bocytopenia concluded that there is no evidence that prophy-
lactic platelet transfusions prevent bleeding, that there is no
evidence to support a change in current recommendations of a
10,000/pLL platelet count transfusion threshold for prophylactic
platelet transfusions (even though the evidence suggesting that a
threshold of 10,000/uL is equivalent to a threshold of 20,000/puL
is weak), and that the dose of platelets given does not affect the
prevalence of patients with major bleeding in patients (149).
Two randomized trials comparing therapeutic versus prophy-
lactic platelet transfusions in chemotherapy-induced thrombo-
cytopenia have recently been completed (150, 151). Although all
the patients in these studies were adults (i.e., > 16 yr), the find-
ings may in practice be generalized to younger children even in
the absence of age-specific data. Each study used a transfusion
threshold of 10,000/pL, and neither study demonstrated differ-
ences in overall bleeding between the two treatment groups in
patients who had undergone an autologous hematopoietic stem
cell transplant. However, the authors reached different conclu-
sions. The study reported by Wandt et al (150) concluded that a
no-prophylaxis strategy was appropriate for all patients except
those receiving treatment for acute myeloid leukemia who did,
as a group, experience increased bleeding with the “no-prophy-
laxis” strategy. However, Stanworth et al (151), in a study com-
prised similar patient populations, concluded that prophylactic
platelet transfusions were still clinically indicated and resulted
in a superior outcome (i.e., decreased bleeding) for patients,
even though prophylactic platelet transfusions did not prevent
bleeding. At the present time, a modification of prophylactic
platelet transfusion strategies for thrombocytopenic cancer
patients does not appear warranted. Currently, the majority of
prophylactic platelet transfusions administered to hematology
patients do not conform to recommended guidelines (152).
The evidence defining platelet transfusion practices in
neonates is even weaker and more scarce that those for older
children with expert opinion setting transfusion practices
(153,154). Current AABB guidelines for platelet transfusions
in newborns and children are noted in Table 6. In the only
randomized trial assessing the efficacy of platelet transfu-
sions in neonates with moderate thrombocytopenia (platelet
count 50,000-150,000/uL), this degree of thrombocytopenia
was not found to have a negative effect on outcome of intra-
ventricular/periventricular hemorrhage (155). However,
newborns with lower platelet counts were excluded from
the study because of a perceived higher risk of hemorrhage.
Not surprisingly, surveys of NICUs in the United States,
Canada, and Western Europe reveal marked variations in
platelet transfusion practice with the most common trans-
fusion threshold at 50,000/uL (or greater) in nonbleeding
patients in spite of the lack of data supporting this practice
(156—158). Causes for lower than expected rise in platelet
count following platelet transfusion include the presence
of platelet alloantibodies, splenomegaly, the transfusion of
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ABO mismatched platelets, and increased platelet consump-
tion as might occur with bleeding, graft-versus-host disease,
and vasoocclusive disease (36, 159).

GRANULOCYTE TRANSFUSIONS

The data supporting the transfusion of granulocytes in patients
with either neutrophil function defects or neutropenia second-
ary to cancer chemotherapy are limited (Table 7) (160, 161).
Most randomized studies were performed over two decades
ago and a relatively small number of granulocytes were infused
per transfusion. Consequently, applying the largely negative
results from those studies to the current era when our ability to
collect greater number of granulocytes may not be appropri-
ate as recent (limited) studies suggest that infusion of a greater
number of granulocytes (e.g., > 6 X 109/kg or > 1 x 1010 per
infusion) may result in an improved outcome (162-164).There
is a similar lack of conclusive evidence supporting granulocyte
infusions in septic neonates (165).

MASSIVE TRANSFUSION SUPPORT

Massive transfusion had generally been defined, in adults, as
the transfusion of more than 10U of RBCs within 24 hours,

TABLE 6. Transfusion Guidelines for
Platelets in Neonates and Older Children

With thrombocytopenia

1. Platelet count 5,000—10,000/uL with failure of platelet
production

2. Platelet count < 30,000/pL in neonate with failure of
platelet production

3. Platelet count <50,000/pL in stable premature infant:
a. With active bleeding or

b. Before an invasive procedure, with failure of platelet
production

4. Platelet count < 100,000/pL in sick premature infant:
a. With active bleeding or

b. Before an invasive procedure in patient with
disseminated intravascular coagulation

Without thrombocytopenia

1. Active bleeding in association with qualitative platelet
defect

2. Unexplained excessive bleeding in a patient undergoing
cardiopulmonary bypass®

3. Patient undergoing extracorporeal membrane
oxygenation with:

a. A platelet count of < 100,000/uL or®
b. Higher platelet counts and bleeding?

“These represent controversial recommendations with little data supporting
platelet transfusions under these conditions. A lower transfusion threshold
may be appropriate after careful evaluation of any individual patient.

Data are from Josephson (85).
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more than 4U of RBCs in 1 hour, or more than 50% blood
volume replacement within 3 hours. However, this definition
was not useful in children due to their smaller total blood
volume (TBV), and a blood volume-based definition was
needed. In children, it has been suggested that massive trans-
fusion occurs when transfusion needs result in the replace-
ment of 1 TBV within 24 hours, 50% TBV within 3 hours, or
transfusion rate equal to 10% of TBV every 10 minutes (166).
Alternatively, a definition of massive transfusion has been sug-
gested if transfusion needs reach 80 mL/kg body weight of
blood products over a 24-hour period. Over the past two to
three decades, the approach to transfusion support in indi-
viduals who require multiple blood transfusions acutely for
the treatment of trauma or massive surgical hemorrhage has
evolved from a policy of 1 U of FFP and 1 U of platelets for
every 4-5 U of pRBCs transfused to a current 1:1:1 ratio of
pRBC:FFP:platelets (166—168). The goal of this approach has
been to prevent the development of a coagulopathy as a con-
sequence of platelet and clotting factor depletion secondary
to transfusion restricted to pRBCs. Although the transfusion
of whole blood could mitigate the development of a coagulo-
pathic state, this would require the transfusion of large volumes
(mL for mL) of fresh (< 24hr old) whole blood which is not
generally available in most centers. Although early experience
with the more plasma- and platelet-rich transfusion mixture
has been positive, it remains to be fully validated by clinical
trials. Most of the reports assessing the effectiveness of a “high
ratio” blood support program (i.e., a ratio of units of platelets
and plasma to RBC units approaching 1:1:1) are retrospective
and nonrandomized. To date, only a single randomized trial
of a high ratio transfusion support program is found in the
literature, and this did not include pediatric patients (169).
A recently published prospective observational (nonrandom-
ized) study assessing plasma:RBC transfusion ratios on the
outcome of adult trauma patients has confirmed the benefit
of high plasma support (plasma:RBC ratio approximately 1:1)
during the first 24 hours of care showing an increase in survival
(170). This benefit is largely due to improved control of bleed-
ing in these patients. However, for those patients who survived
24 hours, the amount of initial plasma support showed no
association with outcome. Observational studies have demon-
strated a greater prevalence of acute lung injury (presumably
TRALI) in those survivors who received more plasma in their
resuscitation fluids. A recently published systematic review
of publications reporting on the use of a high platelet:RBC

TABLE 7. Transfusion Guidelines for
Granulocytes in Neonates and Older
Children

1. Neonates or children with neutropenia or granulocyte

dysfunction with bacterial sepsis and lack of
responsiveness to standard therapy

2. Neutropenic neonates or children with fungal disease not
responsive to standard therapy

Data are from Josephson (85).

Critical Care Medicine

Concise Definitive Review

transfusion regimen concluded that at this time, there were
insufficient evidence to “strongly support” the routine use
of high platelet:RBC ratio resuscitation regimens in trauma
patients and that further randomized trials were needed to
determine safety and efficacy of such approaches (171).

Due to the lack of high-quality data addressing mas-
sive transfusion support in pediatric and neonatal medicine,
practices vary widely between institutions, and there is no
evidence-based consensus. The reader is referred to the report
by Diab et al (166) for an in-depth review of massive transfu-
sion in children and neonates. They present an institutional
massive transfusion protocol for infants and children that is
weight based and aims to achieve a pRBC:FFP:cryoprecipita
te:platelet ratio of approximately 1:1:1.3:1.3. Although they
do not report outcomes from this protocol, other institutions
have shown that implementation of a massive transfusion
protocol can result in more efficient utilization of blood prod-
ucts and reduced hospital expenses (172, 173). Two recently
published single-institution retrospective series in which chil-
dren were treated according to a massive transfusion protocol
have demonstrated the feasibility of such a program even if
an effect on outcome could not be demonstrated (174, 175).
Of interest, in the study by Chidester et al (174), thromboem-
bolic events were noted only in the group of patients whose
transfusions were not determined by their transfusion proto-
col, even though almost all patients in each transfusion group
manifested at least one coagulation test abnormality. How to
monitor individuals receiving multiple blood product transfu-
sions in order to better determine what products are needed
continues to be actively debated without consensus being
reached. Several investigators believe methodologies such as
thromboelastography or thromboelastometry may ultimately
allow clinicians to better direct blood product usage (166, 167).
However, further studies are still required to validate the utility
of these studies in determining transfusion needs.

SPECIAL BLOOD PREPARATIONS

The number of blood product units that undergo some sort
of special preparation has increased significantly over the past
several years. Canada and most European Union countries
have moved to a policy of universal leukocyte depletion of
RBC units at collection, and this is becoming the norm across
the United States. At centers that do not have the capability to
leukocyte deplete at collection, the use of leukocyte filters at
the time of transfusion is near universal. Although leukocyte
depletion at collection was hypothesized to result in a decrease
in TRIM and has been associated with decreased morbidity
(70-73), this has not been confirmed in other clinical stud-
ies (98, 176). However, leukocyte depletion of cellular blood
products has resulted in decreased CMV seroconversion of
CMV-negative recipients (24, 25, 84). Irradiated blood prod-
ucts are given to immunecompromised patients when there
is a risk of engraftment of transfused donor immune-com-
petent cells and the development of TA-GvHD (25, 84, 177).
Patients undergoing hematopoietic stem cell transplantation,
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TABLE 8. American Association of Blood
Banks Guidelines for Irradiation of Blood
Products

1. Premature infants weighing < 1,200g at birth

2. Any patient with
a. Known or suspected cellular immune deficiency

b. Significant immunosuppression related to chemotherapy
or radiation treatment

3. Any patient receiving
a. Components from blood relatives

b. HLA-matched or cross-matched platelet components

Data are from Josephson (85).

aggressive combination chemotherapy, or receiving blood
from first-degree, second-degree, and third-degree relatives
are generally considered candidates to receive irradiated
blood products. Additionally, sick, premature infants also fall
into this category (Table 8). However, just what constitutes
“aggressive chemotherapy” and a “sick newborn” is open to
interpretation and consequently practices vary. Some centers
routinely irradiate all directed-donor blood out of concern
that they may not have complete clinical or family informa-
tion. Individuals who have acquired multiple alloantibodies
making identification of cross-match compatible blood diffi-
cult may have compatible units of blood stored frozen in glyc-
erin. These units are then thawed and “deglycerolized” before
transfusion with acceptable in vivo function (178, 179). Wash-
ing units of pRBCs has been shown to decrease the prevalence
of allergic reactions by eliminating plasma proteins and has
also shown to decrease the potassium concentration in the
pRBC unit (180, 181). In addition, washing of cell-saver blood
has recently been shown to decrease postoperative inflam-
mation and possibly decrease mortality in pediatric cardiac
surgery patients (182, 183). An added benefit of the use of
washed cell-saver blood in cardiac surgery is a reduction in
donor exposure to patients (183, 184).

CONCLUSIONS

Although progress has been made to develop evidence-based
transfusion practices, implementation of these recommenda-
tions has been slow, even in medically advanced societies, and
when the data supporting these guidelines are strong. Many
transfusion guidelines in pediatric populations are similar to
those in adult medicine practices. However, in the neonatal
population, published recommendations largely rely on expert
opinion and are less firm, in spite of good prospective obser-
vational studies demonstrating the benefit (or at least lack of
harm) with a more restrictive RBC transfusion policy. Across
all age groups (neonatal to adult), transfusion practices for
platelets and plasma are less likely to conform to published
guidelines. In spite of the strength of data addressing RBC
transfusion practices, there remains a need for high-quality
studies to shape platelet and plasma transfusion practice
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and guide pediatricians in the transfusion needs of children.
Although the studies forming the basis for recommended
transfusion practices in adult patients may be appropriate for
older children and adolescents, they may not be for newborns
and younger children because of developmental differences
in physiology. Consequently, there remains a great need for
pediatric-specific studies to develop “best practices” in transfu-
sion medicine for children. Furthermore, across all age groups,
there needs to be more work directed toward implementation
of better evidence-based transfusion practices.
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