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T he origin of transfusion medi-
cine can be traced back to a
350-yr-old experiment per-
formed by the English physi-

cian, Richard Lower, which marked the
first recorded successful animal-to-animal
blood transfusion. Since then, improve-
ments in blood storage and banking have
enabled remarkable advances in surgery
and medicine. Allogeneic red blood cell
(RBC) transfusion has been widely believed

to be one of the greatest contributions to
modern medicine. Nonetheless, issues sur-
rounding the safety of the blood supply
have emerged in the past and changed the
concept of blood transfusion from being
part of the solution to being part of the
problem. As a result, avoidance of transfu-
sions has gained popularity in the last two
decades. In recent years, the risks of trans-
mitting viral or bacterial diseases through
transfused blood have been substantially

reduced (1). Nonetheless, new concerns
arise from a growing body of evidence, sug-
gesting that the transfusion of blood prod-
ucts poses risks beyond infectious compli-
cations, especially in critically ill patients.
These noninfectious risks include allergic
reactions, immunomodulation, and hemo-
lysis. These risks have been associated with
prolonged length of stay in the intensive
care unit (ICU) and hospital, and increased
morbidity and mortality in several studies
on adult patients (2, 3).

Despite the conviction among many
caregivers that RBC transfusion can be life-
saving in a defined patient population, re-
cent studies have demonstrated potential
deleterious effects of liberal use of blood in
critically ill adults (4) and children (5).
Taken together with the possibility that
RBC transfusion is currently overutilized to
the point of rendering harm rather than
benefit, a challenging question for every
clinician is who should be transfused and
when. Over 22 million units of blood prod-
ucts are transfused annually in the United
States alone. The majority of transfusions
are administered by anesthesiologists (1, 6)
and intensivists (7, 8) in the perioperative
and intensive care settings. The need to
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understand the ever-changing risk/benefit
ratio of blood products cannot be overem-
phasized. The objective of this manuscript
is to review current transfusion guidelines
in light of the new evidence on risks in
order to provide the reader with informa-
tion that can be used to form the basis for
informed decision making regarding RBC
transfusion in critically ill children. As a pre-
lude to discussing these recommendations, a
thorough understanding of the physiology of
blood transfusion, as well as the intended
goals of blood transfusion, is necessary.

Literature Search Strategies

An electronic search of MEDLINE
(OVID), EMBASE, Current Contents, and
the Cochrane Library was performed. The
search terms used included “blood prod-
ucts,” “red blood cells,” and “transfusion”
in various combinations with “blood con-
servation,” “critical illness,” “periopera-
tive,” “resuscitation,” “children,” “infec-
tious risks,” “noninfectious risks,” “side
effects,” and “outcome.” In addition, we re-
viewed the authors’ personal files for papers
on the subject of blood transfusion and
blood conservation in critically ill patients.

Physiologic Compensation in
Anemia and Implications of
Transfusion

The primary goal of RBC transfusion is
to increase oxygen delivery (ḊO2) and, in
turn, increase tissue oxygen utilization
with preservation of organ function, which,
in theory, would only be compromised if
tissue oxygen utilization is restricted by
Ḋo2. Global ḊO2 is dependent primarily
upon three factors: 1) hemoglobin (Hb)
concentration; 2) cardiac output (CO); and
3) the relative proportion of oxyhemoglo-
bin, i.e., percent oxygen saturation (SaO2).
Oxygen is transported in the blood com-
bined with Hb, although a relatively small
amount is freely dissolved in the plasma
fraction of the blood. When fully saturated,
each gram of Hb can carry approximately
1.34 mL of oxygen at normal body temper-
ature. Conversely, plasma-dissolved oxygen
is directly proportional to PaO2. Thus, equa-
tion (Eq.) 1 determines the oxygen content
of arterial blood,

Arterial Oxygen Content (CaO2)

� (Hb � 1.34 � SaO2)

� (0.0034 � PaO2) [Eq.1]

where CaO2 is expressed in mL oxygen/
100 mL blood, Hb is expressed in g/dL,

and PaO2 is expressed in torr (kPa). Oxy-
gen delivery (ḊO2) is then determined by
Eq. 2,

Oxygen Delivery (ḊO2)

� CaO2 � Cardiac Output (CO) [Eq.2]

where ḊO2 is expressed in mL oxygen/min
and CO is expressed in L/min. In theory,
blood transfusion, by raising the Hb level,
should increase the oxygen-carrying ca-
pacity of the blood, and provide an effec-
tive means to increasing global oxygen
delivery in the clinical setting (9).

However, there are contradictory data,
which suggest that simply increasing
global ḊO2 by RBC transfusion does not
necessarily translate into increased tissue
oxygen utilization. Three mechanisms
are implicated. The first is that 2,3-
diphosphoglycerate is quickly depleted
within days after blood storage and be-
comes virtually undetectable after 1 wk.
It takes approximately 24 hrs to restore
normal 2,3-diphosphoglycerate levels
post transfusion (10). Depletion of 2,3-
diphosphoglycerate results in a leftward
shift of the oxyhemoglobin dissociation
curve (11) and increases Hb affinity for
oxygen at low oxygen tensions, thus de-
creasing oxygen release at the microcir-
culation level. Second, adenosine triphos-
pate is also depleted during the storage
process, leading to altered RBC mem-
brane deformability and loss of mem-
brane integrity, which could result in ve-
siculation and eventual untimely
destruction of the RBCs (12). The end
result of altered deformability is obstruc-
tion of flow at the level of the microcir-
culation (13–15). Finally, the small quan-
tity of free Hb always present in banked
RBC units quickly binds endogenously
produced nitric oxide (16), resulting in
vasoconstriction of small vessels and ul-
timately decreasing local ḊO2 at the tis-
sue level. Furthermore, the Hb in RBCs
can also interact with local nitric oxide
with similar results (17). These factors,
all contributing to reduction of local ḊO2

after transfusion, may in part account for
data suggesting that RBC transfusion is
associated with negative outcomes in
critically ill patients despite an increase
in the global Hb concentration and a the-
oretical increase in global ḊO2 (14).

Critical Hb Level and Tolerance
of Anemia

The lower limits of Hb at which ḊO2

becomes critical (i.e., the critical Hb

level) are not well defined in individual
patients. In healthy adults undergoing
experimental isovolemic anemia, the
body’s compensatory mechanisms, con-
sisting of increased CO and oxygen ex-
traction, are more than sufficient to meet
the body’s metabolic needs in very low Hb
levels. However, in a bleeding patient, a
point of “maximal compensation” may
occur, at which compensatory mecha-
nisms are no longer able to meet the
body’s metabolic requirements. Theoret-
ically, this Hb level has been calculated to
be approximately 2.5 g/dL (18). This
threshold has been validated in anesthe-
tized pigs (19), awake dogs (20), and ba-
boons (21). In humans, Weiskopf and col-
leagues (22–25) examined healthy
volunteers undergoing isovolemic he-
modilution and found no evidence of
impaired tissue oxygenation until the
Hb concentration decreased to 4 –5
g/dL. It should be emphasized that
these findings have not been extensively
validated and are likely to be dependent
on clinical setting and physiopathologic
status of the subjects. However, chil-
dren seem at least as capable as adults
in their ability to compensate for lower
Hb concentration with increased oxy-
gen extraction and CO (26).

Spence and colleagues (27) demon-
strated that elective surgery could be
safely performed in adults with a preop-
erative Hb as low as 6 g/dL, if estimated
blood loss was kept at �500 mL. Investi-
gation of a unique population of postsur-
gical Jehovah Witness’s patients (who re-
fused transfusion of blood or blood
products based on religious preferences)
has shown that, despite increasing mor-
bidity and mortality as Hb decreases to
extremely low levels, operative survival is
still possible even with Hb as low as 3
g/dL. In a retrospective cohort study in-
volving �300 adults by Carson and col-
leagues (28), there were no surgical
deaths and only negligible morbidity (de-
fined a priori as myocardial infarction,
arrhythmia, congestive heart failure, or
infection) associated with a postoperative
Hb of �7 g/dL. However, both morbidity
and mortality increased significantly if
the postoperative Hb was allowed to drop
�5 g/dL. After adjusting for age, cardio-
vascular disease, and Acute Physiology
and Chronic Health Evaluation II score,
the odds of death increased 2.5 times for
every 1 g/dL decrease in Hb level of �8
g/dL. An earlier study by the same group
(29) suggested that the presence of car-
diovascular disease significantly in-
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creased morbidity and mortality in pa-
tients refusing transfusion with a low
preoperative Hb or substantial blood loss
during surgery.

The experience in children is similar.
Lackritz et al (30) retrospectively re-
viewed over 2,400 pediatric admissions to
a hospital in Kenya and noted that 29% of
all admitted children had an admission
Hb of �5 g/dL. Most of these children
had malaria. In children, severe anemia
(Hb �5 g/dL) was associated with a sig-
nificantly increased mortality (18% in the
severe anemia vs. 8% in the control, p �
.0001). On the other hand, Bojang et al
(31) conducted a prospective study of 287
children also with malaria and severe
anemia. Children presenting either with
respiratory distress or a hematocrit of
�12% (n � 173) were transfused,
whereas the remaining 114 children were
randomized to either blood transfusion
or iron treatment for 28 days. Twenty-
four children in the study died. Twenty-
three of those children had an admission
hematocrit of �12%. Fifteen (65%) of
those children died before RBC transfu-
sion. Of the children randomized to re-
ceive iron therapy, one child died and ten
subsequently required RBC transfusion.
After 28 days, hemoglobin levels im-
proved significantly in children receiving
the iron therapy compared with those
treated by blood transfusion (p � .02).
These results have been replicated in two
additional studies (32, 33). Although the
children in these studies are likely to be
very different from pediatric patients
commonly observed in more developed
countries, these studies further under-
score the imminent risk of extremely low
Hb level as well as the resiliency of the
physiologic mechanisms to maintain ḊO2

in the setting of severe anemia in the
pediatric population.

Anemia and Blood Utilization in
the ICU Setting

Critically ill children and adults are at
significant risk for anemia (34). In a mul-
ticentered, observational, cohort study,
Vincent et al (2) demonstrated that
�60% of critically ill adults had an Hb
concentration of �12 g/dL at the time of
admission to the ICU. Hb decreased even
further during the course of the ICU stay.
The pathogenesis of this anemia of criti-
cal illness is multifactorial. Often cited
causes include frequent blood draws (the
so-called “medical vampire”) (35), de-
creased erythropoietin production and

responsiveness (36–38), nutritional defi-
cits, alterations in iron metabolism (39,
40), increased RBC destruction, occult
(e.g., gastrointestinal bleeding) or overt
blood loss, and bone marrow suppression
(34, 41). Although various blood conser-
vation strategies are available in the crit-
ically ill populations (42, 43), nearly three
fourths of all critically ill patients with an
ICU stay of �7 days receive an RBC trans-
fusion (2). Many of these transfusions
may be inappropriate.

Between 15% to 50% of critically ill
children admitted to the pediatric ICU
(PICU) receive an RBC transfusion at
some point during their stay (44, 45).
Infants in the neonatal ICU (NICU) are
among the most transfused patients, with
transfusion rates usually inversely related
to the infant’s weight and/or maturity, in
hope of maximizing the ḊO2 to critical
organs. A retrospective analysis by Good-
man et al (46) found that most critically
ill children with an Hb of �6.5 g/dL will
receive a transfusion. However, there is
significant variation in transfusion prac-
tices among pediatric intensivists (47–
50). Armano et al (44) analyzed factors
that were associated with RBC transfu-
sion in approximately 1,000 critically ill
children over a 1-yr period. In this study,
the mean transfused Hb was 8.8 � 2.6
g/dL, which seems to be consistent with
the current practice in many adult ICUs
(2, 51). Factors that were independently
associated with an increased rate of trans-
fusion in PICU included admission Pedi-
atric Risk of Mortality score of �10, pres-
ence of multiple organ dysfunction
syndrome, an admission diagnosis of car-
diac disease, and Hb of �9.5. The vast
majority of these transfusions were ad-
ministered during the first 3 days of hos-
pitalization.

More recently, Bateman and col-
leagues (52) published the results of a
multicentered, prospective, observational
study that determined the frequency of
anemia, blood draws, and RBC transfu-
sions in critically ill children admitted
�48 hrs to 30 North American PICUs.
Anemia was present in nearly three
fourths of these children, either during
or immediately before PICU admission.
Almost half of these children received at
least 1 RBC transfusion during their
PICU stay—most frequently during the
first 2 days after admission. Notably, only
4% of children received RBC transfusion
after 1 wk of hospitalization. Blood loss
from frequent phlebotomy was a signifi-

cant and independent risk factor for RBC
transfusion.

Recommendations for RBC
Transfusion in the Perioperative
and ICU Settings

Historically, transfusion recommen-
dations were based on expert opinion or
consensus guidelines and circled around
various Hb or hematocrit thresholds or
triggers. The optimal Hb concentration
for critically ill patients is still a matter of
debate. For decades, anesthesiologists
and intensivists advocated an Hb concen-
tration of 10–13 g/dL. This concept was
first introduced by Adams and Lundy (53)
in 1942 based solely on their own clinical
experience. Similarly, for years, the gen-
erally recommended transfusion thresh-
old was a hematocrit of �30%. This
number stems from an earlier study by
Crowell and Smith (54) based on an in
vitro model of the microcirculation. The
investigators noted an increased viscosity
and reduced blood flow through the glass
capillaries of fixed diameter as the hemat-
ocrit increased. The hematocrit for opti-
mal ḊO2 was calculated mathematically
to be around 30%.

Experimental evidence (9) in animals
has suggested that viscosity begins to
compromise blood flow at hematocrit ap-
proaching 40% to 45%. However, the
contribution of blood viscosity to flow
resistance in the microcirculation is ac-
tually quite small due to the Fahraeus
effect, which explains how a large diam-
eter RBC may pass through a smaller
diameter capillary. Each RBC must
line-up in single file and deform before
passing through the capillary. As a result
of the Fahraeus effect, the hematocrit of
the blood flowing through microvessels
with diameters of �1000 �m is substan-
tially smaller than the blood flowing
freely in the large vessels, and it stays
unchanged, despite large variations in
blood hematocrit. This and several other
direct and indirect lines of evidence ques-
tion the validity of a hematocrit of 30% as
the level for optimal ḊO2, and as the
threshold of transfusion in majority of
the patients.

Whether or not transfusing to achieve
these high Hb levels improves outcome
remains unproven. Studies have demon-
strated that more limited transfusion
strategies are at least as effective as lib-
eral policies, if not better. Several studies
(14, 55, 56) have suggested that transfu-
sion can possibly have a negative effect on
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clinical outcomes. These studies were
based on a diverse group of critically ill
adult patients, including patients with
acute coronary syndrome, burns, trauma,
sepsis, acute respiratory distress syn-
drome, and cardiovascular surgery.

Hébert et al (4) and the Canadian Crit-
ical Care Trials Group directly challenged
the practice of transfusing RBC in adults
to keep the Hb above 10 g/dL in the
Transfusion Requirement in Critical Care
trial. In this study, 838 euvolemic criti-
cally ill adults with initial Hb of �9 g/dL
were randomized into either a restrictive
or liberal transfusion strategy. In the re-
strictive transfusion strategy group, pa-
tients were transfused if Hb decreased �7
g/dL, whereas in the liberal transfusion
strategy group, patients were transfused
if the Hb decreased �10 g/dL. Overall,
restricting transfusion in critically ill pa-
tients did not increase their mortality
risk. Although there were no differences
in 30-day mortality between the two
groups (18.7% vs. 23.3%, p � .11), mor-
tality was significantly lower in patients
with an Acute Physiology and Chronic
Health Evaluation II score of �20 who
were randomized to the restrictive trans-
fusion strategy group (8.7% in the re-
strictive strategy group and 16.1% in the
liberal strategy group; p � .03). The in-
hospital mortality rate was also signifi-
cantly lower in the restrictive strategy
group (22.3% vs. 28.1%, p � .05). Mor-
bidity was reduced in patients random-
ized to the restrictive strategy group as
well, with avoidance of one complication
for every 20 patients following the re-
strictive transfusion strategy.

In a subsequent retrospective analysis
of the Transfusion Requirement in Criti-
cal Care study, Hébert et al (57) investi-
gated whether the restrictive strategy was
safe in patients with acute myocardial
infarction and unstable angina. The mor-
tality and hospital and ICU stay were sim-
ilar in both groups. The prevalence of
multiple organ dysfunction syndrome
was significantly less in the restrictive
strategy group. These investigators con-
cluded that the restrictive strategy was
safe in critically ill patients with cardio-
vascular disease. However, there was a
nonsignificant trend toward increased
mortality in patients with severe isch-
emic heart disease, leading these authors
to conclude that a restrictive strategy
may not be safe in this particular patient
population.

Although the Transfusion Require-
ment in Critical Care trial provides the
best evidence regarding restrictive RBC
transfusion strategy in critically ill pa-
tients published to date, the results
should not be generalized to critically ill
children who typically have different dis-
eases and adaptive responses compared
with adults (58) (Table 1). Furthermore,
the study has been criticized for the fol-
lowing: 1) not using leukocyte reduced
blood; 2) excluding about 87% of eligible
patients; 3) not stratifying the included
patients according to severity of disease;
4) using only two fixed Hb set points with
an overly “liberal” method that may not
necessarily reflect common practice; and
5) not including a third arm that is based
on individual patient status (23).

Transfusion recommendations have
been changed to reflect these observa-
tions. The College of American Patholo-
gists recommends consideration of a pa-
tient’s clinical status in addition to the
amount of blood lost when making a de-
cision about whether to transfuse, al-
though the lowest absolute threshold for
transfusion recommended is Hb of �6
g/dL. Most notably, these recommenda-
tions emphasize the importance of con-
sidering perceived tissue oxygenation ob-
tained by continuous (e.g., heart rate,
pulse oximetry, arterial blood pressure)
and invasive monitoring (e.g., lactate,
mixed venous oxygen saturation), rather
than using any one single Hb value in
clinical decision making (59). The Amer-
ican Society of Anesthesiologists recom-
mends transfusion if the Hb is �6 g/dL,
although they recommend against using
a single transfusion trigger (60). The Ca-
nadian blood transfusion guidelines do
not recommend a single value for trans-
fusion but rather focus on transfusing to
prevent or alleviate signs and symptoms
of morbidity secondary to inadequate tis-
sue ḊO2 (61). Unfortunately, most pub-
lished guidelines for RBC transfusion in
critically ill children are either based on
expert opinion or derived from studies
performed in critically ill adults (62, 63).
Further studies in this population are
warranted.

Risks of Blood Transfusion

Although the studies noted in the pre-
ceding paragraphs suggest that elective
surgery when patients’ religious prefer-

Table 1. Factors that may alter anemia adaptive mechanisms in critically ill children versus adults (61)

Factors Comments

Disease process Common in the Neonatal and Pediatric ICU
Meconium aspiration, necrotizing enterocolitis, intraventricular hemorrhage, congenital

heart disease, hemolytic uremic syndrome, meningitis, bronchiolitis
Common in Adult ICU

Atherosclerosis and coronary artery disease
Emphysema and bronchitis

Increased fetal hemoglobin Predominantly important in neonates, or older children with underlying conditions resulting
in persistence of fetal hemoglobin

A) Will cause an apparent left shift of the oxygen-hemoglobin dissociation curve, leading
to increased affinity for oxygen (due primarily to altered interactions with 2,3-DPG)

B) Less cell deformability leads to changes in viscosity
Increased energy requirement and nutrition needs Up to 585.76 joule/kg per day for a child �1 yr old vs. �209.2 joule/kg for adults, resulting

in higher tissue oxygen utilization in children
Increased baseline heart rate and limited myocardial

compliance
Limited adaptive ability to increase cardiac output in response to anemia (particularly in

neonates and infants)
Cyanotic heart disease may lead to significant

polycythemia
Hb as high as 22 g/dL; increased viscosity will impede blood flow in smaller capillary

network
Neonates release less erythropoietin Physiologic anemia for the first few months of life

ICU, intensive care unit; 2,3-DPG, 2,3-diphosphoglycerate; Hb, hemoglobin.
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ences preclude transfusion may be per-
formed with a relative degree of safety in
the presence of either a low preoperative
Hb (27) or significant blood loss (28), it
may not be unreasonable to speculate
that transfusing blood to the patients
with severe acute hemorrhagic anemia
could result in improved outcome (sur-
vival). Nonetheless, it should be remem-
bered that several factors impair the abil-
ity of stored blood to increase ḊO2 to local
tissues. Furthermore, the majority of the
transfused patients in practice are not
hemorrhaging but rather only mildly or
moderately anemic. These patients are
usually well compensated and can be can-
didates for appropriate pharmacologic
treatment for their anemia. For this pa-
tient population, transfusion may repre-
sent only risk without benefit (Table 2)
(1, 4, 6, 9, 10, 64–96). When clinicians
entertain the need for transfusion, the
process must include not only consider-
ation of indication and benefits but also
immediate risks and possible negative
clinical outcomes secondary to RBC
transfusion.

Noninfectious Complications of
Transfusion

Febrile Nonhemolytic Transfusion Re-
action. The febrile nonhemolytic transfu-
sion reaction is the most common reac-
tion encountered and is usually self
limited in nature. The febrile nonhemo-
lytic transfusion reaction is believed to be
due to the presence of pyrogenic cyto-
kines and other intracellular contents re-
leased by the donor leukocytes or trans-
fused within the blood component itself.

This benign reaction occurs much more
frequently with platelet transfusion
(30.8%) compared with RBC transfusion
(6.8%, p � .0005) (97). Leukocyte reduc-
tion significantly decreases the preva-
lence of this type of reaction (10, 69, 85).

Hemolysis. Acute hemolytic transfu-
sion reactions due to ABO incompatibility
are significantly more worrisome and are
estimated to occur in 1 in 14,000 to 1 in
38,000 transfusions, although the re-
ported frequency is probably a gross un-
derrepresentation of the true incidence
(69). The severity of the reaction is vari-
able, and approximately half of all pa-
tients suffer no ill effects. However, these
reactions account for the vast majority of
transfusion-related deaths and are esti-
mated to be responsible for one death in
100,000 transfused cases (6). Acute he-
molytic transfusion reactions are less fre-
quently caused by other minor blood group
antigens. Unfortunately, these reactions
can be difficult to detect, especially in
patients under general anesthesia. In
these cases, the ensuing hypotension,
tachycardia, hemoglobinuria, and micro-
vascular bleeding that occur from the
transfusion reaction itself may be wrong-
fully attributed to other causes and po-
tentially compounded even further by at-
tempts to correct with additional blood
products.

Volume Overload, Metabolic Abnor-
malities, and Coagulation Defects. Criti-
cally ill patients are particularly sensitive
to the effects of volume overload, as may
occur when either the total volume or
rate of administration of blood products
exceeds the capacity of a poorly function-
ing cardiovascular system. Acute volume

overload manifests as hydrostatic pulmo-
nary edema, and treatment is largely sup-
portive. If a patient is at risk for acute
volume overload, the rate of administra-
tion of blood products should be de-
creased, or alternatively, the component
may be divided into several smaller ali-
quots (69, 85).

Electrolyte abnormalities can also oc-
cur post blood transfusion. Given the
lower volume of distribution, these ab-
normalities are more likely to occur after
massive blood transfusion or exchange in
children with lower weight (e.g., more
commonly in NICU than PICU) (67). The
citrate anticoagulant in the transfused
blood can chelate calcium and may pro-
duce a transient hypocalcemia (98). Pa-
tients with liver dysfunction are particu-
larly at risk, as citrate metabolism and
clearance are decreased. Hyperkalemia is
also common and can even have fatal
consequences in critically ill children,
particularly in the NICU (67, 74). Both
hyperglycemia and hypoglycemia have
been reported post blood transfusion (69,
85). Finally, massive RBC transfusion
without concomitant repletion of clotting
factors may lead to a dilutional coagu-
lopathy. A recent study (99) in the NICU
has indicated that after transfusion of
about 20 mL of RBC per kg on average,
statistically significant changes in blood
calcium and glucose occurred, but a very
small number of the patients developed
hyperkalemia or hypocalcemia, and these
cases were not considered to be clinically
relevant.

Transfusion-Related Acute Lung In-
jury. Transfusion-related acute lung in-
jury (TRALI) is defined as the new onset
of acute lung injury that is temporally
related to the transfusion of blood prod-
ucts. By definition, TRALI must develop
within 6 hrs of transfusion, but symp-
toms usually become manifest within the
first 2 hrs after transfusion (88). The true
prevalence of TRALI is not known, as
many minor cases may be misdiagnosed
as volume overload, although most ex-
perts estimate the incidence at 1 in every
5,000 transfusions (73). In a case-control
study by Gajic et al (72), patients with
TRALI were more likely to have had sep-
sis compared with controls (37% vs. 22%,
p � .016). In addition, transfusion of
plasma from multiparous female donors
was also implicated as a significant risk
factor. These observations are supportive
of a “multiple-hit” model in which under-
lying patient’s characteristics (e.g., sep-
sis) and specific transfusion factors (e.g.,

Table 2. Commonly cited risks of blood transfusion

Infectious Noninfectious

Viral Febrile nonhemolytic transfusion reaction (10, 69, 85)
Cytomegalovirus (1, 73, 90, 94) Hemolysis (6, 69)
Hepatitis B (1, 78) and C (66,

68, 78)
Volume overload (69, 85)

Human immunodeficiency virus
(66, 70, 71, 83)

Metabolic abnormalities (67, 69, 74, 85)

Human herpes virus 8 (65) Coagulation defects (75–77)
West Nile virus (84) Transfusion-related acute lung injury (72, 81, 88, 92)

Bacterial Transfusion-related immunomodulation (4, 82, 86, 91)
Commonly Gram-positive

bacteria, but also Gram-
negative bacteria (79)

Multiple organ dysfunction (4, 91)

Prions Necrotizing enterocolitis in neonates (64)
Creutzfeldt-Jakob disease (80, 93) Retrolenticular fibroplasia (only in neonates) (96)

Parasites Transfusion-associated graft-versus-host disease (87)
Malaria (89)
Babesiosis (95)
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plasma) are associated with the develop-
ment of TRALI. The importance of TRALI
in the ICU is increasingly recognized, and
several excellent reviews are available
(69, 81, 85, 92).

Transfusion-Related Immunomodula-
tion. It is not at all surprising that blood
transfusions may lead to immunosup-
pression (73, 86). Before the cyclosporine
era, kidney transplant recipients were
transfused blood perioperatively for the
sole reason of increasing the chance of
graft survival (82). The exact mechanisms
underlying transfusion-related immuno-
modulation are not completely under-
stood; however, leukocytes and pro- and
anti-inflammatory mediators that are
found in blood products might be in-
volved (86). Transfusion-related immu-
nomodulation has been found to be asso-
ciated with an increased risk of
nosocomial infection (91) and multiple
organ dysfunction syndrome (4) in criti-
cally ill patients.

Infectious Complications of
Transfusion

Despite current stringent banking
protocols rendering blood transfusions
extremely safe, infection is still a poten-
tial threat (1, 73). It is possible that cur-
rent transfusion practices are still expos-
ing patients to viral, bacterial, protozoan,
and fungal organisms (6). The overall risk
of death from bacterial transmission is
reported at 1 in 8 million units of packed
red blood cells transfused. The culprit is
most commonly Gram-positive-bacteria,
but Gram-negative-bacteria also have
been shown to be independently associ-
ated with an increased risk of death (79).

More than 40% of blood donors in the
United States and worldwide were in-
fected with cytomegalovirus (CMV) at
some point and are now defined as being
in the latent infection phase (90). CMV
poses a great infectious threat, primarily
to immunocompromised recipients who
may become symptomatic after exposure
to contaminated blood products. Al-
though benign in immunocompetent re-
cipients, CMV tainted blood may have
devastating consequences in the immu-
nocompromised child, such as the organ
transplant patient (1, 73) and in neonates
(94). Antibody testing on donated blood
can be used to prevent transfusing CMV-
infected blood to these patients, although
leukocyte depletion can be equally effec-
tive in achieving this goal (100) Use of
CMV-negative blood products should be

considered for all transfusion needs of
low birth weight infants of seronegative
mothers as well as immunocompromised
patients (101).

Although uncommon in today’s clini-
cal practice, transmission of viruses, such
as hepatitis B (1), hepatitis C, and human
immunodeficiency virus, remains a dis-
crete threat. During the 2002 West Nile
virus epidemic in the United States, de-
spite rigorous screening, implementation
of new strategies, and removal of 163
highly reactive units, blood transfusions
were still implicated in 23 of the 4,000
known cases of West Nile viral encepha-
lopathy (84). Transmission of parasites
poses additional risks, especially in light
of the fact that the technology to detect
parasitic contamination of blood prod-
ucts is not widely available (89). There
have been several isolated reports of
transfusion-related parasitic infections
(1, 7). Recently, there have been reports
of the variant Creutzfeldt-Jakob disease
acquired by a transfusion (80, 93).

RBC Transfusion and Outcomes
in Critically Ill Pediatric Patients

RBC transfusion theoretically in-
creases global ḊO2. However, regional
ḊO2 may not follow the same trend.
Counterintuitively, in many cases, trans-
fusion has been associated with poor out-
come. In a prospective observational
study of 1,100 critically ill adults in 146
Western-European ICUs, Vincent et al (2)
demonstrated a longer ICU stay and
higher mortality in those patients who
were transfused compared with nontrans-
fused cases. The increase in mortality was
independent of both the severity of illness
and the level of anemia at the time of ICU
admission.

Taylor et al (91) conducted a single-
center, prospective, observational, cohort
study and noted that RBC transfusion in-
dependently increased both the length of
stay and mortality. The risk of nosoco-
mial infection after transfusion increased
by a factor of 1.5 for each transfused unit.
These findings confirm an earlier study
(46) performed in critically ill children
and were again confirmed in a more re-
cently published pediatric study (102).

Goodman et al (46) noted that blood
transfusions were independently associ-
ated with increased days on mechanical
ventilation (5.04 days � 1.10 days), in-
creased days on vasopressors (1.27
days � 0.44 days), increased length of
PICU stay (4.44 days � 1.32 days), and

mortality (although increased mortality
could be partly explained by more criti-
cally ill cancer patients receiving transfu-
sion therapy). Palmieri et al (103) re-
viewed their single-institution experience
with a restrictive transfusion strategy (Hb
of �7.0 g/dL) in critically ill children
with burn injury. The restrictive transfu-
sion strategy decreased the amount of
blood transfused, resulting in significant
cost savings to their institution with no
adverse change in outcome. More re-
cently, Lacroix et al (5) published the
results of a multicenter, randomized,
controlled, clinical trial comparing the
use of a restrictive transfusion strategy
(Hb of �7.0 g/dL) vs. a liberal transfusion
strategy (Hb of �9.5 g/dL) in critically ill
children—the Transfusion Requirements
in Pediatric Intensive Care Units Study.
The trial randomized 637 patients within
7 days of admission to the PICU. Exclud-
ing death as a reference outcome second-
ary to low mortality in children (104), no
significant difference was found in any of
the outcome variables examined, sug-
gesting that a restrictive transfusion
strategy decreases transfusion require-
ments without increasing adverse out-
comes.

The observation that blood transfu-
sions are associated with unfavorable out-
comes has been replicated in extremely
low birth weight infants in the NICU
(105), although an earlier study (106)
found that a restrictive transfusion strat-
egy may increase the prevalence of neu-
rologic complications in this population.
Although mixed results have been re-
ported on the effect of transfusions on
cardiopulmonary function, apnea, and
weight gain in premature infants (107–
112), a recent study has indicated that,
although blood transfusions in extremely
low birth weight infants did not confer
any benefits in terms of gaining weight,
reducing ventilator support needs, or
preventing apnea, they were associated
with higher risk of bronchopulmonary
dysplasia and necrotizing enterocolitis.
Interestingly, although improving ḊO2 is
among the common perceived reasons
for giving blood, many infants required
additional respiratory support after blood
transfusion (113). As such, there is a
growing recognition in the pediatric crit-
ical care community that blood transfu-
sion may have untoward effects in criti-
cally ill children (62, 86, 114), similar to
the experience in critically ill adults.
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RBC Transfusion and Outcomes
in Cyanotic Congenital Heart
Disease

Critically ill children with cyanotic
congenital heart disease, especially those
with single-ventricle physiology, typically
receive RBC transfusions to maintain Hb
of �15 g/dL to sustain acceptable ḊO2 in
the face of significantly desaturated arte-
rial blood (SaO2 70% to 75%) (115).
Transfusion may have other beneficial ef-
fects in this population as well. For ex-
ample, in children with large ventricular
septal defects and significant shunting,
increased viscosity of blood after transfu-
sion can result in decreased pulmonary
blood flow, which in turn can decrease
shunting and thereby increase systemic
blood flow, favorably improving the bal-
ance between systemic and pulmonary
blood flow (116, 117). However, to date,
no prospective study examining either
transfusion practices or the efficacy of
this aggressive transfusion strategy in
children with cyanotic congenital heart
disease has been performed. Szekely and
colleagues (118) retrospectively reviewed
657 consecutive children undergoing
open heart surgery for congenital heart
disease and found that blood transfusions
were independently associated with an in-
creased risk of infection (odds ratio, 1.01;
95% confidence interval, 1.002–1.02, p �
.01). In addition, Willems et al (119) con-
ducted a retrospective subgroup analysis
of 125 postoperative cardiac surgery pa-
tients enrolled in the Transfusion Re-
quirements in Pediatric Intensive Care
Units study. Importantly, neonates (aged
�28 days) and patients who remained
cyanotic after surgery were excluded
from analysis. A restrictive transfusion
strategy (Hb of �7.0) was not associated
with any significant difference in new or
progressive multiple organ dysfunction
syndrome, PICU length of stay, or 28-day
mortality compared with a liberal trans-
fusion strategy, suggesting that a restric-
tive transfusion strategy is probably safe
in this specific population. However, the
exclusion of neonates or cyanotic patients
precludes any recommendations regard-
ing transfusion in children with complex
cyanotic congenital heart disease. Re-
gardless, the significant exposure of chil-
dren with congenital heart disease to
blood products, both during cardiopul-
monary bypass (120) and in the perioper-
ative period is not without concern and
requires further study.

CONCLUSION

More than 22 million units of blood
components are transfused annually in
the United States alone (18), the majority
of which are rendered by anesthesiolo-
gists (1, 6) and intensivists (7, 8). Unfor-
tunately, the widespread and extensive
use of blood products is not commensu-
rate with the available evidence. Al-
though blood transfusions are potentially
lifesaving in limited scenarios, such as
hemorrhagic shock, transfusion has been
linked with significant risks and compli-
cations. These risks and complications
likely outweigh the potential benefits in
the majority of critically ill patients. Al-
though further pediatric studies are nec-
essary, especially in specific subgroups
such as children with congenital heart
disease, the available evidence would
strongly suggest that withholding RBC
transfusion in critically ill children with
an Hb of �7.0 g/dL is appropriate and
safe (5). Furthermore, until further evi-
dence in unstable critically ill children is
available, a conservative approach to RBC
transfusion based on objective evidence
of end-organ dysfunction, rather than on
a single arbitrary trigger value would
seem to be justified. The benefits and the
risks involved with each RBC transfusion
must be taken into consideration. Several
blood conservation strategies are avail-
able in general as well as critically ill
pediatric patients, which can reduce
transfusion needs. Hopefully, by adopting
new restrictive strategies and blood con-
servation techniques as well as transfus-
ing when only clinically indicated, clini-
cians can decrease the load on the ever-
limited blood supply, reduce cost, and
most importantly save patients from a
potential long and growing list of blood-
related complications and unfavorable
outcomes.

ACKNOWLEDGMENTS

We thank Drs Mazyar Javidroozi
(Englewood Hospital and Medical Center,
New Jersey), William Hurford (University
of Cincinnati, Ohio), and Jacques Lacroix
(CHU Sainte-Justine Centre de Recher-
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