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Anemia is common in the intensive care unit, and may be associated
with adverse consequences. However, current options for correcting
anemia are not without problems and presently lack convincing
efficacy for improving survival in critically ill patients. In this article
we review normal red blood cell physiology; etiologies of anemia in
the intensive care unit; its association with adverse outcomes; and
the risks, benefits, and efficacy of various management strategies,
including blood transfusion, erythropoietin, blood substitutes, iron
therapy, and minimization of diagnostic phlebotomy.
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Anemia is highly prevalent in critically ill and injured patients.
Approximately two-thirds present with a hemoglobin concentration less than 12 g/dl on admission, and 97% become anemic by
Day 8 (1–3). Optimal management of the anemia of critical
illness is an area of much controversy and ongoing research.
In this article, we first describe normal red blood cell (RBC)
physiology and the etiologies and effects of anemia, and then
review potential management strategies.

RED BLOOD CELL FUNCTION
The efficient blood transport of oxygen and carbon dioxide is
critically dependent on the O2, CO2, and H1 binding properties
of hemoglobin (Hb). These are facilitated by the enzyme carbonic
anhydrase, RBC-specific membrane and cytoplasmic proteins,
and by the unique intracellular RBC environment, including
the modulation of Hb–O2 affinity by 2,3-diphosphoglycerate
(2,3-DPG) and maintenance of redox state stability. Packaging
the majority of the blood’s O2 and CO2 transport capacity in the
RBC reduces the effective viscosity of blood by two-thirds in
comparison with a cell-free medium of equivalent transport
capacity and prevents loss of hemoglobin, carbonic anhydrase,
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and 2,3-DPG via glomerular filtration. RBCs also have potent
antioxidant capacity, enhance hemostasis by directing platelets
toward the vessel wall, minimize hemoglobin–nitric oxide (NO)
scavenging by sequestrating Hb away from direct contact with
the endothelium of resistance arterioles, and play an important
role in microcirculatory vasoregulation.
RBC rheology contributes to vasoregulation, particularly at
the microvascular level (4). In addition to tissue and endothelial
cell contributions to vascular tone mediated in part by tissue
oxygenation, rheology has an influence on vascular tone by altering wall shear stress and nitric oxide generation, as well as by
homogenizing flow distribution at capillary branch points. Local
blood flow and metabolic demand are matched by three mechanisms involving RBCs and hemoglobin. First, bioactive NO is
produced in proportion to the concentration of deoxyhemoglobin acting as a nitrite reductase (5). Second, NO is bound by
oxyhemoglobin in the lungs and released by deoxyhemoglobin
in the tissues, mediated by reversible allosteric S-nitrosylation
of b-chain cysteine-93 in hemoglobin (6). Third, mechanical
deformation of RBCs and desaturation of hemoglobin initiates
vasodilation by release of ATP that binds to endothelial cell
purinergic receptors and stimulates NO synthesis (7). The redundancy of these mechanisms highlights the likely critical contribution of healthy RBCs to active vasoregulation. However,
this function may be compromised both by anemia and by pathological RBC changes occurring in critical illness and during
storage of allogeneic blood.

REGULATION OF RED BLOOD CELL MASS
With a life span of only 120 days, caused by accumulative radical
oxygen species (ROS)–mediated damage and age-related loss of
intrinsic antioxidant defenses (8), there must be a constant production of new RBCs. The essential factors for erythropoiesis
include iron, zinc, folate, and vitamin B12, under the influence of
erythropoietin (EPO), thyroxine, androgens, cortisol, and catecholamines. RBC formation occurs at a basal rate of 15–20 ml/day
under steady-state conditions, and upward of 200 ml/day after
hemolysis or heavy blood loss in iron-replete healthy persons
(9). Normal RBC aging leads to changes in membrane characteristics (reduced fluidity and deformability), loss of volume
and surface area, increased cell density and viscosity, and deleterious alterations in the intracellular milieu (decreased ATP
and 2,3-DPG, lowered hexokinase and glucose-6-phosphate dehydrogenase activity). These lead to a fall in cellular energy level,
increased Hb–oxygen affinity, reduced repair of oxidant injury, and
diminished ability of cells to deform normally during microvascular
transit (10). These changes also mark RBCs for removal by the
spleen and reticuloendothelial system (RES). Alterations in rheology with normal aging may occur even sooner in the life span of
the RBC in critically ill patients, and have been shown to be
associated with poor outcomes (11).
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Other determinants of RBC survival include the premature
death of mature RBCs (eryptosis), and removal of RBCs just released from the marrow (neocytolysis). Eryptosis is thought to be
partially triggered by excessive oxidant RBC injury, among other
stressors, and is inhibited by EPO, which thus extends the life
span of circulating RBCs (12). This apoptosis-like process is
characterized by a cascade of biochemical and biomechanical
changes, leading to cell shrinkage, dysregulation of normal
membrane asymmetry with exposure of normally sequestered
phosphatidylserine on the outer membrane leaflet, and the formation of membrane blebs and microparticles. Phosphatidylserine marks cells for engulfment by macrophages and may carry
important downstream effects related to inflammation, coagulation, cell signaling, and/or immune modulation. Conversely,
excessive eryptosis may lead to the development of anemia (13).
Neocytolysis is the process of selectively removing young circulating RBCs, initiated by a sudden fall in EPO levels (14). This
phenomenon was first noted in the study of RBC mass reduction that occurs during spaceflight (microgravity) and after descent from high altitude; as both processes develop too rapidly
to be accounted for solely by reduced erythropoiesis. Eryptosis
and neocytolysis, negatively regulated by EPO and acting at different points in the life span of the RBC, provide flexibility and
fine control in regulation of total RBC mass.

ETIOLOGY OF ANEMIA IN CRITICAL ILLNESS
In critical illness and injury, anemia results from two fundamental processes: a shortened RBC circulatory life span and diminished RBC production. Causes of shortened life span include
hemolysis, phlebotomy losses, oozing at injury sites, invasive procedures, and gastrointestinal bleeding. Diagnostic phlebotomy in
the critically ill represents a mean daily loss of 40 to 70 ml of
blood, exceeding the normal healthy replacement rate (1, 15).
Of blood sent for analysis, less than 2% is actually assayed with
modern laboratory instrumentation. This phenomenon, termed
the “anemia of chronic investigation” (16), accounts for 30% of
required blood transfusions (15). The impaired mucosal integrity of the gastrointestinal (GI) tract is also a source of on-going
occult blood loss (17). Cook and colleagues showed that clinically important bleeding from stress gastritis occurs in 3% of
ICU patients, with the main risk factors being mechanical ventilation, nutritional deficiencies, acute renal failure, and prophylactic or therapeutic anticoagulation (18).
Diminished RBC production is due to nutritional deficiencies
and the “anemia of inflammation.” In one study, 9% of ICU
patients were iron deficient, with an additional 2% each to B12
and folate deficiency (19).
The “anemia of inflammation” collectively refers to inflammatory processes leading to impaired RBC proliferation, iron metabolism, EPO production, and signaling. It is, in part, thought to be
a broad-based evolutionary response to sequester and deny iron
to invading micro-organisms. Numerous proinflammatory cytokines, including IL-1, IL-6, and tumor necrosis factor (TNF)-a,
impair iron homeostasis and normal RES functioning, and decrease regulatory feedback between body iron needs and intestinal iron absorption (20). Hepcidin, an iron regulatory protein that
is up-regulated in inflammatory conditions and suppressed by
EPO, decreases duodenal iron absorption and blocks iron release
from macrophages. This limits iron availability for erythroid
progenitor cells and impairs heme biosynthesis, leading to ironrestricted erythropoiesis (21). During systemic infection there is
up-regulation of the IL-6–hepcidin axis, which in part may be
responsible for low serum iron levels observed in inflammation
(22). The minimal response by the bone marrow is possibly caused
by reduced transcription of the EPO gene by inflammatory
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mediators such as IL-1, TNF-a, and transforming growth factor
(TGF)-b. These same inflammatory cytokines also inhibit RBC
production through direct interactions with erythroid progenitor
cells (23). Finally, in the setting of shock, these effects might
be magnified by vasopressor agents such as norepinephrine or
phenylephrine, which at high concentrations directly inhibit hematopoietic precursor maturation (24).
Erythropoiesis is tightly regulated by EPO, the levels of which
are normally increased with anemia. However, during critical illness, circulating EPO concentrations fall quickly and remain inappropriately low because of a combination of decreased renal
function and proinflammatory cytokine inhibition of EPO production (25, 26). In addition to suppressed RBC production,
a sudden and continued drop in EPO production with the onset
of any acute inflammatory condition may promote neocytolysis
and eryptosis as discussed earlier. Furthermore, the response to
EPO is blunted through down-regulation of EPO receptors,
limiting the availability of iron for cell proliferation and hemoglobin synthesis (21, 26, 27). Last, some very commonly used
drugs in the ICU, such as angiotensin-converting enzyme inhibitors, angiotensin receptor blockers, calcium channel blockers,
theophylline, and b-adrenergic blockers, also suppress the normal renal EPO release in response to hypoxemia and anemia
(28–30).

PHYSIOLOGICAL EFFECTS OF ANEMIA
Acute or chronic anemia requires compensatory responses that
place an extra burden on critically ill patients, many of whom
have preexisting cardiopulmonary disease. Acute isovolemic reduction in hemoglobin concentration to as low as 5 g/dl in resting
healthy humans leads to progressive increases in heart rate,
stroke volume, oxygen extraction, and cardiac index (31), with
no evidence of tissue hypoxia. Even more severe anemia may be
tolerable with chronicity due to changes at the cellular level
driven by transcription of genes enhancing hypoxic survival,
such as those regulated by hypoxia-inducible factor (HIF)
(32). In patients with chronic obstructive pulmonary disease
(COPD), there is higher minute ventilation with anemia (33),
and conversely, less ventilation with polycythemia in healthy
persons during exercise (34). The extent to which these impressive compensatory changes can occur in critically ill and injured
patients is unknown.

ASSOCIATION BETWEEN ANEMIA
AND ADVERSE OUTCOMES
A strong association exists between anemia and poor patient outcomes across numerous chronic diseases. In more than 12,000
older adults with normal renal function, anemia was associated
with increased risk of mortality (hazard ratio, 4.29) and hospitalization (hazard ratio, 2.16), after adjusting for age, sex, diabetes,
and chronic disease score (35). Analyses of the medical arm of
the National Emphysema Treatment Trial (36) and of patients
in the French ANTADIR database with severe O2-requiring
COPD (37) identified anemia as an independent predictor of
death. The effect of anemia on mortality in patients with COPD
is greater with increasing anemia severity (38). Many trials have
shown an association between anemia and adverse outcomes in
congestive heart failure (39), acute myocardial infarction (40),
and chronic kidney disease (41).
ICU anemia is also associated with adverse outcomes, including failure of liberation from mechanical ventilation (42), type 2
myocardial infarction (injury due to imbalance in oxygen supply
and demand) (43), and increased risk of death (44, 45). In a cohort of 91 patients recovering from acute respiratory failure,
those with a hemoglobin concentration less than 10 g/dl were
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more than five times as likely to require reintubation after an
initial successful spontaneous breathing trial and extubation (42).
Among 222 patients with COPD requiring invasive mechanical
ventilation, the adjusted risk of death within 90 days of admission for anemic patients (hemoglobin , 12 g/dl) was 2.6 times
that of those with normal values (12–15 g/dl) (44). Moreover, in
300 surgical patients who declined blood transfusion for religious reasons, the adjusted odds of death within 30 days of
surgery was 2.5 for each gram decrease in hemoglobin below
8 g/dl (45). However, there were no deaths among the small
number of patients with levels of 7.1 to 8.0 g/dl. Anemia also
leads to overestimation of serum glucose by point-of-care glucometers, creating a risk of hypoglycemia if these values are used to
dose insulin (46). The subtle reversible cognitive dysfunction found
during severe acute anemia in healthy subjects (47) is hypothesisgenerating regarding the relationship of anemia and delirium in
the ICU.
Anemia often persists long after ICU discharge. In one
study, 53% of patients with anemia at ICU discharge were still
anemic 6 months later (48). Although not specifically studied in
ICU survivors, extrapolation from the literature on anemia in
various chronic illnesses described above suggests that persistent anemia after critical illness may carry important long-term
consequences.
In all of these studies, it is difficult to ascertain whether
anemia is an independent predictor of poor outcomes or
merely a marker of more severe underlying disease not captured in chosen parameters of disease severity. Nonetheless,
the stresses of compensatory cardiopulmonary responses to
anemia discussed earlier create a plausible mechanism for a
causal relationship.
Prospective trials in ICU patients, discussed in more detail
below, have failed to show a survival benefit from a liberal transfusion strategy or treatment with erythropoietin (49, 50). These
results do not imply that anemia is harmless, but they do raise
concerns regarding potential detrimental outcomes linked to
RBC transfusions and erythropoietin.

MANAGEMENT OF ANEMIA IN CRITICAL ILLNESS
Blood Transfusions

Anemia in critical illness has traditionally been treated with
RBC transfusions. More than one-third of all ICU patients receive transfusions and more than 70% when ICU stay exceeds
1 week (1, 2, 51). In the United States, 14.7 million units of
allogeneic RBCs were transfused in 2006, at a mean procurement cost of $214 per unit, which does not include costs of
labor, further laboratory testing, and a myriad of adverse reactions (52). Transfusion practice is an area of controversy in
critical care medicine, as discussed below.
Potential benefits. The primary goal of transfusion in the
volume-replete nonhemorrhaging patient is to improve tissue oxygen delivery and carbon dioxide removal. As oxygen delivery is
largely determined by cardiac output, hemoglobin concentration, and oxygen saturation, changes in hemoglobin will have
a significant effect. However, studies of blood transfusions in
acute respiratory distress syndrome (ARDS), sepsis, and trauma
have not shown any improvement in oxygen uptake (53–56). This
may be due to partially reversible biochemical and structural
changes in stored blood, collectively termed the RBC storage
lesion, which may inhibit oxygen unloading, normal capillary
flux, and tissue oxygenation (57, 58), particularly in the first
12–24 hours after transfusion, as for example in the regeneration of 2,3-DPG (59).
Potential harms. Potential adverse effects from allogeneic blood
include transfusion reactions, transfusion-transmitted infections,
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acute lung injury (ALI) and transfusion-related acute lung injury
(TRALI), transfusion-associated circulatory overload (TACO),
and transfusion-related immunomodulation (TRIM), potentially
leading to increased risks of nosocomial infection and death. With
modern blood banking, the risk for transfusion-transmitted viral or
bacterial infection is extremely low (60). TRALI, TACO, and
TRIM, although infrequent, have substantial cost and morbidity
(reviewed in References 61 and 62). Moreover, transfused RBCs
may not immediately improve tissue oxygenation owing to their
poor flow characteristics, sludging in capillaries, high O2 affinity,
vasoconstriction due to free hemoglobin and microparticles, and,
in some cases, high carboxyhemoglobin levels.
Many observational studies find associations between transfusions and poor clinical outcomes in high-risk hospitalized
patients. A systematic review detailed these studies, and determined a pooled odds ratio of 1.8 for nosocomial infection, 2.5 for
ARDS, and 1.7 for mortality (63). In general ICU patients, the
two largest trials merit individual reference. Both the 2002 ABC
trial (1) of 3,534 patients in western European ICUs, and the
2004 CRIT study (2) of 4,892 patients in U.S. ICUs found blood
transfusions to be an independent predictor of death. A more
recent large retrospective analysis of more than 14,000 trauma
patients also found an association between blood transfusions
and ARDS (adjusted odds ratio, 2.5 in patients receiving more
than 5 units of packed RBCs) (64). The 2008 SOAP trial (51),
which used the same study protocol as the ABC trial, showed no
association between transfusion and mortality. Mean pretransfusion hemoglobin was not given, so it is not possible to comment on the potential role of a more restrictive transfusion
practice in explaining the difference.
The adverse outcomes associated with RBC transfusion may
be, in part, mediated by the changes that occur during storage, as
discussed below.
Effect of RBC storage duration. The U.S. Food and Drug
Administration (FDA) mandates a maximal storage period
for RBC units of 42 days, based on a requirement for sufficient
cellular integrity to ensure persistence in the circulation of more
than 75% of transfused RBCs 24 hours after transfusion. For
ICU patients, the mean storage time before transfusion in the
United States ranges from 16 to 21 days (2, 52). Many potentially deleterious changes occur during preservation and storage. These include decreased concentrations of ATP, 2,3-DPG,
and S-nitrosylhemoglobin (65); accumulation of proinflammatory cytokines; release of hemoglobin and red cell arginase;
accumulation of RBC membrane microparticles (66); and decreased RBC membrane inactivation of cytokines by Duffy antigen (67). The hypothesized impact of these changes includes
potent NO scavenging and vasoconstriction, loss of normal
RBC-mediated vasoregulation, and immunosuppression. The
clinical consequences of RBC storage duration are difficult to
study, partly because there is no consensus definition of storage
duration, for example, mean age of all units or age of the oldest
unit. Although a large number of studies suggest that extended
storage time is associated with infections, multiple organ failure,
and death, other studies show no difference in outcomes
(reviewed in Reference 68). In a more recent retrospective cohort
study of more than 350,000 patients in Sweden and Denmark,
Edgren and colleagues found a 5% excess mortality in recipients of RBCs stored for 30 days or more, but the authors believe
this risk to be inflated by residual confounding (69). Regardless,
it should be emphasized that the analysis by Edgren and colleagues was vastly dominated by non-ICU patients, leaving
open the possibility of increased risk in the ICU. Animal studies
(70, 71) provide new insight into potential mechanisms of harm
with transfusion of blood after prolonged storage. Large randomized clinical trials have been designed to address this issue,
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including the Age of BLood Evaluation (ABLE) study of ICU
patients in Canada (ISRCTN 44878718), and the Red Cell Storage Duration (RECESS) study of cardiac surgery patients in the
United States (ClinicalTrials.gov identifier NCT00991341).
Effect of leukoreduction. Seventy percent of transfused RBCs
in the United States in 2006 were leukocyte reduced (52). The
potential benefits of using leukocyte-reduced blood include
decreased transmission of viruses, febrile nonhemolytic transfusion reactions, HLA alloimmunization and platelet refractoriness, RBC alloimmunization, nosocomial infections, and death.
Many of these effects may be mediated by transfusion-related
immunomodulation (TRIM), a term describing immune activation or tolerance induction after blood transfusion, postulated
to be due to infusion of donor leukocytes and released bioactive
soluble factors. After implementation of universal leukoreduction in Canada, Hébert and colleagues reported decreased
in-hospital mortality (odds ratio, 0.87) (72). However, a subsequent meta-analysis of before-and-after studies did not show
any effect of leukoreduction on postoperative infection or mortality, after adjusting for confounding factors (73). In trauma
patients, before-and-after cohort studies have shown decreased
rates of nosocomial infection and ARDS (74, 75), but randomized clinical trials have shown no effect of leukoreduction on
these outcomes (76, 77).
Transfusion thresholds. Only one randomized controlled trial
in the general adult ICU population addresses appropriate RBC
transfusion thresholds. In the Transfusion Requirements in Critical Care (TRICC) trial (49), 838 euvolemic patients without
chronic anemia, myocardial ischemia, or on-going bleeding
were randomized to either a restrictive or liberal transfusion
strategy (threshold hemoglobin, 7 vs. 10 g/dl). No difference
in the primary outcome of all-cause 30-day mortality was observed between treatment arms. Subgroup analyses identified
patients less than 55 years old and with APACHE II scores less
than 20 as having decreased 30-day mortality with a restrictive
strategy. Although results of this trial have affected both guidelines and common practice, controversy still exists regarding
specific patient groups: the elderly, and those with cardiovascular disease, with difficulty being liberated from mechanical
ventilation, and in the early phase of septic shock.
In the 257 patients in the TRICC trial with ischemic heart disease, mortality was higher in the restrictive group (26 vs. 21%),
although the difference was not statistically significant (78). A
randomized controlled noninferiority trial of a liberal transfusion strategy (goal, hematocrit > 30%) versus a restrictive strategy (goal, hematocrit > 24%) after cardiac surgery showed no
difference in 30-day all-cause mortality (79). Similarly, a randomized trial of RBC transfusion for Hb less than 10 g/dl or Hb
less than 8 g/dl in 2,016 patients with cardiovascular disease or
risk factors after hip fracture surgery (mean patient age, 82 yr)
found no difference in mortality or ability to walk independently at 60 days follow-up (80). Several groups have examined
the association of transfusions and mortality in large data sets of
patients with acute coronary syndromes. Of these, one found
transfusions to have a beneficial effect on survival when the
hematocrit was less than 33% (81). In contrast, four studies
found transfusions to be an independent predictor of greater
short-term mortality (82–85); one identified a threshold hematocrit of 25%, above which transfusions were associated with
increased risk of death (84). It is difficult to exclude confounding in such studies, and further trials of transfusion thresholds
among patients with ischemic heart disease are needed.
As mentioned earlier, anemia is independently associated with
extubation failure (42). In 10 anemic patients with stable severe
COPD, Schönhofer and colleagues found that transfusion to
a goal hemoglobin greater than 11 g/dl decreased ventilation

VOL 185

2012

and work of breathing (33). In a study of five anemic patients
with COPD (mean hemoglobin, 8.7 g/dl) who were unable to be
liberated from mechanical ventilation (28-d mean duration of
ventilation; range, 13 to 49 d) (86), all were successfully extubated within 4 days of being transfused to a mean hemoglobin
level of 12.4 g/dl. The TRICC trial included 713 patients on
mechanical ventilation, of whom 219 were ventilated for greater
than 7 days. In these subgroups, there was no difference in duration of mechanical ventilation or mortality between the two transfusion strategies (87). This analysis had power only to detect 25%
differences in duration of mechanical ventilation, so a clinically
important difference may have been missed. Transfusion is most
likely to be beneficial in patients with the most severe ventilatory
impairment and respiratory muscle weakness, and it remains to be
determined whether and when a more liberal transfusion strategy
is warranted in these patients.
Rivers and colleagues randomized 263 patients with severe
sepsis or septic shock to standard therapy or early goaldirected therapy (EGDT) and found that EGDT significantly decreased mortality (88). Their protocol calls for RBC transfusion
with a goal hematocrit of 30% if central venous oxygen saturation remains less than 70% after reaching goal central venous
pressure and mean arterial pressure. Although the protocol as
a whole improves survival, it is unclear which components are
most effective, especially given prior evidence that blood transfusions may not improve tissue oxygenation in septic patients. A
secondary analysis of patients with sepsis, shock, and ALI enrolled in the ARDSNet Fluid and Catheter Treatment Trial
(89) found no difference in mortality based on transfusion status, and physiological criteria derived from the Rivers trial did
not identify patients more likely to benefit from transfusion.
However, study power was limited, with a minimal detectable
mortality difference of 19%. A cohort study of 160 patients with
septic shock found both transfusions and delayed EGDT to be
risk factors for development of acute lung injury (90). A multicenter randomized trial called Protocolized Care for Early Septic Shock (ProCESS) is underway and may shed light on the role
of RBC transfusion in the resuscitation of patients with septic
shock. (ClinicalTrials.gov identifier NCT00510835).
Clinical transfusion guidelines. On the basis of available data,
we would conclude that in most critically ill patients, a “restrictive” strategy of RBC transfusion (transfusion at Hb , 7 g/dl)
is preferable to a “liberal” transfusion strategy (transfusion at
Hb , 10 g/dl). In the absence of level 1 evidence, clinicians may
consider RBC transfusion at higher Hb levels in certain clinical
situations (see Table 1). Evidence-based guidelines regarding
the use of RBC transfusion in critically ill adults developed by
a joint taskforce of the Society of Critical Care Medicine
(SCCM) and the Eastern Association for the Surgery of Trauma
(EAST) discourage use of hemoglobin level as a “trigger” for
transfusion, and recommend basing the decision on an individual patient’s clinical condition and cardiopulmonary physiological parameters (91).
Erythropoietin

The finding that critically ill patients have a multifactorial blunted EPO response to anemia, as described above, led to interest in
whether treatment with EPO could improve outcomes. Several
trials have addressed this question; but three by Corwin and colleagues comprise the vast majority of patients enrolled. The first
(EPO-1) was a pilot study of 160 adults in a multidisciplinary
ICU (92). Exclusion criteria were extensive, and included vasopressor requirement and high levels of ventilatory support. The
intervention group received EPO at 300 units/kg daily for 5
days, followed by every other day dosing (mean dose, 138,000
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TABLE 1. SCENARIOS IN WHICH A MORE LIBERAL RBC TRANSFUSION STRATEGY MAY BE REASONABLE
Clinical Situation
Active myocardial ischemia
Difficulty being liberated from
mechanical ventilation
Early phase of septic shock

Cardiopulmonary Parameters
Tachycardia, elevated cardiac index
Severe ventilatory impairment, respiratory muscle weakness, high minute ventilation
Central venous pressure 8–12 mm Hg, mean arterial pressure > 65 mm Hg,
and central venous oxygen saturation , 70%

In most critically ill patients, a “restrictive” strategy of RBC transfusion (transfusion at Hb , 7 g/dl) is preferable to a “liberal”
transfusion strategy (transfusion at Hb , 10 g/dl). In the absence of level 1 evidence, based on physiologic rationale and available
data, clinicians may consider RBC transfusion at Hb . 7 g/dl in certain clinical situations, especially in the presence of certain
cardiopulmonary parameters, described above.

units in the first week of therapy). The second study (EPO-2)
was more inclusive in terms of entry criteria; it included 1,302
patients in 65 U.S. medical centers and used a lower dose of 40,000
units weekly (93). Neither trial used a transfusion threshold protocol; the mean pretransfusion hematocrit was 27% (Hb, z9 g/dl)
in the first study and a Hb level of 8.5 g/dl in the second. In both
studies, the intervention group received significantly fewer RBC
transfusions (20–30% in the first 28 d) with maintenance of a higher
hemoglobin concentration, but no other clinical benefit or harm
was identified. The third trial (EPO-3) enrolled 1,460 patients, and
also used a dose of 40,000 units weekly (50). In contrast, there was
no difference seen between rates of RBC transfusion in the two
groups. This may be related to a more restrictive transfusion practice (mean pretransfusion hemoglobin, 8.0 g/dl). Moreover, the
intervention group had a higher rate of thrombotic events (hazard
ratio, 1.41), although in post-hoc analysis this risk was not increased among patients receiving standard prophylactic or therapeutic doses of heparin.
Although overall mortality between the two groups in EPO-3
was not different, subgroup multivariate Cox regression analysis
of the 793 trauma patients showed lower adjusted mortality in
the EPO group on Day 29 (adjusted hazard ratio, 0.37; 95% confidence interval, 0.19 to 0.72). However, as the interaction between the stratification variables of the admission group and
the study group was not significant, the significance of this finding
has been questioned (94). Although clinical trials have not
clearly shown benefit with EPO, animal models of hemorrhagic
shock and organ ischemia–reperfusion injuries demonstrate
cytoprotective effects of EPO independent of its hematopoietic
effects. These studies used much higher doses of EPO than in
human trials. This may be necessary for organ protection, because the receptor that mediates the cytoprotective effects of
EPO (EPO-BCR) has a lower affinity for EPO than the receptor that mediates hematopoiesis (EPO-R). Novel peptides derived from EPO that retain its cytoprotective properties but
lack its hematopoietic and prothrombotic effects have been developed and are currently under investigation (95).
The majority of data indicate that in the current atmosphere of
restrictive transfusion practice for critically ill patients, erythropoietin, in the form (epoetin alfa) and at the dose and frequency used
in the 2007 study by Corwin and colleagues (50), does not improve
survival, and may increase risk of thrombotic complications in
those not given prophylaxis for deep venous thrombosis. Although the findings surrounding EPO use in critically ill trauma
patients are intriguing, carefully designed clinical trials are required before its use in this population can be justified. Given
the known hazards of RBC transfusion and ineffectiveness of
blood substitutes (see below), there remains a need to explore
alternative erythropoiesis-stimulating agents. Such possibilities
include agents that increase concentrations of endogenous HIF,
a transcription factor that regulates several genes involved in
erythropoiesis, including EPO and its receptor (32).

Blood Substitutes

The impetus to develop “blood substitutes” includes concerns
about blood shortages, which are expected to become more
problematic with changing population demographics, and the
various shortcomings of stored blood. Two types of oxygen carriers have been developed: cell-free hemoglobin-based oxygen
carriers (HBOCs) and perfluorocarbons. Early preparations of
HBOCs caused nephrotoxicity, and even in the most recent
generation of products, there is serious concern about vasoactivity (from avid NO scavenging by nonencapsulated hemoglobin), impaired perfusion, and increased rates of myocardial
infarction and death (96–98). No “blood substitutes” are currently approved for human use in the United States. Of the two
commercially available HBOCs, Oxyglobin is licensed for veterinary use in the United States and Hemopure is licensed for
human use in South Africa. The only available perfluorocarbon
is Perftoran, which is approved for human use in Russia and
Mexico. Studies of artificial oxygen carriers have targeted primarily patients suffering acute hemorrhage from surgery or
trauma. Even aside from their potential adverse effects, these
agents, as currently formulated, would be of limited use for
anemia related to the inflammation of critical illness because
of their short intravascular half-life of 12 to 48 hours.
Iron Therapy

Iron has been shown to promote the growth and virulence of
a number of microbes responsible for nosocomial infections
(99). It is theorized that low serum iron in acute inflammation
is a protective host response to impair bacterial growth. As a
result, concern exists for greater infection rates with iron supplementation. Although this outcome is biologically plausible
and grounded in animal studies, there is scant evidence in human studies (99). The issue has been examined most extensively
in chronic hemodialysis patients (100) and multiple studies have
failed to show any increased risk of infection associated with
iron therapy.
Few studies have examined iron supplementation in the critical care population. One retrospective analysis in surgery
patients identified 27 who received intravenous iron therapy,
and found that compared with matched control subjects, these
patients did not have higher rates of bacteremia (101). In 863
patients postcardiopulmonary bypass surgery, treated with both
intravenous iron and erythropoietin as needed, or with blood
transfusions, there was no difference in subsequent infection
rate (102). In a trial of 200 patients receiving care in a surgical
ICU (103), randomization to enteral ferrous sulfate (vs. placebo) failed to produce any statistically significant difference
in hematocrit, iron markers, infection rates, antibiotic days, hospital length of stay, or mortality. Notably, patients given iron
were significantly less likely to receive a blood transfusion (29.9
vs. 44.7%; P ¼ 0.03) as compared with the placebo group. On
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subgroup analysis, this effect was restricted to patients with
baseline iron-deficient erythropoiesis as defined by elevated
zinc protoporphyrin concentration. There is an ongoing multicenter randomized clinical trial of intravenous iron for the treatment of anemia in critically ill trauma patients (ClinicalTrials.
gov identifier NCT01180894).
Intravenous iron supplementation may have better efficacy
than enteral administration because of the block of intestinal absorption by hepcidin. It has been shown that iron may be useful in
heart failure and pulmonary hypertension (104, 105), independent of changes in hematocrit. Further research, however, is
needed before iron supplementation can be recommended for
the routine care of anemic critically ill patients, owing to the
potentially heightened infection risk.
Minimization of Blood Loss

Strategies to minimize blood loss include the use of small-volume
phlebotomy tubes, point-of-care testing and noninvasive testing,
the reinfusion of discard sample from indwelling lines, and the
elimination of unnecessary laboratory studies.
“Small-volume” phlebotomy tubes typically require less than
2 ml of blood, and sometimes as little as 0.5 ml. The use of
small-volume or pediatric tubes for ICU patients, either as a single intervention (106, 107) or in combination with other blood
conservation measures (108, 109), can reduce blood loss by this
route by 33 to 80%. Point-of-care blood analysis provides test
results with minimal delay and often requires samples of less
than 0.5 ml. Noninvasive monitoring, such as pulse oximetry
and end-tidal CO2 monitoring in select patients, or oximeters
capable of measuring hemoglobin noninvasively (110), may further reduce blood loss due to phlebotomy.
The presence of an indwelling arterial catheter is associated
with a 33% increase in number of blood tests performed and
a 44% increase in amount of blood removed from the patient,
even after accounting for severity of illness (111). This may be
due to the perceived ease of phlebotomy and the need to discard 2 to 10 ml of “blood” to clear the catheter of infusate. Such
waste can be eliminated by returning this blood to the patient,
either via three-way stopcock or a commercially available
blood-sampling system. Using such a closed system decreases
blood loss (109, 112) and one before-and-after study also
showed reduced amount of blood transfusions (0.07 vs. 0.13
units/patient/day; P ¼ 0.02), and even reduced hospital mortality (30 vs. 53%; P ¼ 0.001) (113).
It is possible to reduce the number of laboratory studies in
ICU patients without compromising quality of care (114–116).
This training has been termed “learning to not know” (116).
Such educational initiatives should be cooperative multidisciplinary projects, with ongoing training and feedback to promote
durability. Clinicians should also be encouraged to group laboratory tests to minimize the number of phlebotomies. Surveys of
Australian and European ICUs (109, 117) show that only a small
minority of institutions routinely use the blood conservation
techniques described above; thus an important opportunity
exists to potentially improve patient outcomes by minimizing
phlebotomy.

CONCLUSIONS
A growing body of literature on anemia of critical illness points to
four conclusions: (1) anemia is highly prevalent in the critically ill;
(2) it is associated with higher health care resource use; (3) it may
be associated with poor patient outcomes; and (4) there is no
currently available therapy without shortcomings. Further research is needed to delineate risks, benefits, and effectiveness
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of various management strategies in specific patient populations.
While awaiting further evidence, intensivists should pay careful
attention to minimizing blood loss whenever possible, and tailoring the management of anemia to the needs of each patient.
Author disclosures are available with the text of this article at www.atsjournals.org.
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10. Stäubli M, Ott P, Waber U, Stäuble UP, Jeanneret C, Peheim E, Straub
PW. Erythrocyte adenosine triphosphate depletion during voluntary
hyperventilation. J Appl Physiol 1985;59:1196–1200.
11. Sakr Y, Dubois MJ, De Backer D, Creteur J, Vincent JL. Persistent
microcirculatory alterations are associated with organ failure and
death in patients with septic shock. Crit Care Med 2004;32:1825–
1831.
12. Myssina S, Huber SM, Birka C, Lang PA, Lang KS, Friedrich B, Risler
T, Wieder T, Lang F. Inhibition of erythrocyte cation channels by
erythropoietin. J Am Soc Nephrol 2003;14:2750–2757.
13. Lang F, Lang KS, Lang PA, Huber SM, Wieder T. Mechanisms and
significance of eryptosis. Antioxid Redox Signal 2006;8:1183–1192.
14. Rice L, Alfrey CP. The negative regulation of red cell mass by neocytolysis: physiologic and pathophysiologic manifestations. Cell
Physiol Biochem 2005;15:245–250.
15. Corwin HL, Parsonnet KC, Gettinger A. RBC transfusion in the ICU:
is there a reason? Chest 1995;108:767–771.
16. Barie PS. Phlebotomy in the intensive care unit: strategies for blood
conservation. Crit Care 2004;8:S34–S36.
17. Hadfield RJ, Sinclair DG, Houldsworth PE, Evans TW. Effects of enteral and parenteral nutrition on gut mucosal permeability in the
critically ill. Am J Respir Crit Care Med 1995;152:1545–1548.
18. Cook D, Heyland D, Griffith L, Cook R, Marshall J, Pagliarello J;
Canadian Critical Care Trials Group. Risk factors for clinically important upper gastrointestinal bleeding in patients requiring mechanical ventilation. Crit Care Med 1999;27:2812–2817.
19. Rodriguez RM, Corwin HL, Gettinger A, Corwin MJ, Gubler D, Pearl
RG. Nutritional deficiencies and blunted erythropoietin response as
causes of the anemia of critical illness. J Crit Care 2001;16:36–41.
20. Fleming RE, Bacon BR. Orchestration of iron homeostasis. N Engl J
Med 2005;352:1741–1744.
21. Weiss G, Goodnough LT. Anemia of chronic disease. N Engl J Med
2005;352:1011–1023.

Concise Clinical Review
22. Nemeth E, Rivera S, Gabayan V, Keller C, Taudorf S, Pedersen BK,
Ganz T. IL-6 mediates hypoferremia of inflammation by inducing
the synthesis of the iron regulatory hormone hepcidin. J Clin Invest
2004;113:1271–1276.
23. Corwin HL, Krantz SB. Anemia of the critically ill: “acute” anemia of
chronic disease. Crit Care Med 2000;28:3098–3099.
24. Fonseca RB, Mohr AM, Wang L, Sifri ZC, Rameshwar P, Livingston DH.
The impact of a hypercatecholamine state on erythropoiesis following
severe injury and the role of IL-6. J Trauma 2005;59:884–889.
25. von Ahsen N, Müller C, Serke S, Frei U, Eckardt KU. Important role of
nondiagnostic blood loss and blunted erythropoietic response in the
anemia of medical intensive care patients. Crit Care Med 1999;27:
2630–2639.
26. Rogiers P, Zhang H, Leeman M, Nagler J, Neels H, Mélot C, Vincent
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