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Abstract
Anemia in patients admitted to an intensive care unit is common and affects almost all critically ill patients. The
intensivist is faced with the challenge of treating multifactorial etiologies, mainly bleeding and blood loss due to
phlebotomy and decreased erythropoiesis. Red cell transfusion, the most common treatment for anemia, comes
with associated risks, which may further reduce the chance of survival of these patients. The best evidence suggests
the practice of restrictive RBC transfusion (transfusion at Hb<7 g/dl).
In this article, the etiopathogenesis of the anemia in critically ill is reviewed, and current opinion on the pros and cons
of various management strategies are discussed with emphasize on restrictive transfusion policy.
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Introduction

Anemia is a common condition associated with critically ill patients admitted to an intensive care unit
(ICU). World Health Organization (WHO) defines
anemia as a hemoglobin (Hb) level less than 13 g/dL
(milligram per deciliter) in men and less than 12 g/dL
in women [1]. Various studies have shown that approximately two-thirds of critical patients admitted to an
ICU have a hemoglobin concentration of less than 12
g/dl on the day of admission, and 97% of the patients
become anemic after a week in ICU [2,3]. The management of anemia and its impact on critically ill patients
has been a matter of debate for some time, and recently,
blood product transfusion policies have been changed
from liberal transfusion to restrictive transfusion. This
review outlines current literature on the etiopathogenesis of anemia in ICUs and their management, as well
as transfusion practices and their impact on critically
unwell patients.

Etiopathogenesis

of Anemia in
Critically Ill Patients.
The cause of anemia in critical illness is complex and
often multifactorial. Primary mechanisms include:
a. loss of red blood cells (RBCs) due to phlebotomy
and bleeding from a surgical site, trauma, venous
access site, or gastrointestinal bleed.
b. decreased production of RBCs due to suppression of bone marrow secondary to inflammatory
cytokines, drugs, functional or absolute erythropoietin deficiency due to renal dysfunction.
c. nutritional (iron, folic acid, vitamin B 12) deficiency.
d. increased destruction of RBCs (hemolysis) or
RBC precursor in the bone marrow due to toxins
and drugs.
(Table 1) [1,3-5].
Blood loss
Phlebotomy studies have shown that in a critically ill
patient admitted to an ICU, the average amount of
blood drawn in the course of conducting laboratory
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Table 1. Causes of anemia in intensive care
Type of Anemia
Blood loss

Erythropoietin
deficiencies

Nutritional
deficiencies
Hemolysis
Coagulation
abnormalities

Causes
Phlebotomy
Gastrointestinal bleeding
Trauma
Surgery
Inflammatory cytokines
Renal insufficiency
Drugs
Decrease bone marrow response
(functional deficiency)
Low folate levels
Low iron levels
Low vitamin B levels (vitamin B12)
Drug reactions
Toxins
Sepsis syndrome
Thrombocytopenia
Liver disease
Viral infection
Splenomegaly

tests, averages about 40-70ml daily. This amounts to a
unit of blood in a week [1,5]. Chant et al. (2006), in
a retrospective study, which included 155 patients admitted to a medical or surgical ICU, demonstrated that
after twenty-one days, the number of units of RBCs
transfused was significantly associated with the daily
phlebotomy volume independent of the other confounding factors [6]. This is usually more than the patient can replenish by his or her own production, and
predisposes to anemia. This phlebotomy related blood
loss has been decreased with the introduction of new
conservative phlebotomy techniques which are the use
of small volume phlebotomy (pediatric) tubes, minimizing blood loss from the in-dwelling catheters like
arterial lines, reinfusion of discarded sample from indwelling lines and reducing blood tests [2,7].
Bleeding
Active bleeding is responsible for one-third of blood
transfusions in critically unwell patients [3,5]. Bleeding
complications are not limited to the trauma or postsurgical patients. In a prospective cohort study, Arnold
et al. (2007) reported that about 90% of critical patients
had bleeding, 38% at the site of insertion of a vascular catheter, 16% associated with an endotracheal tube,
15% at a surgical site and 6% related to gastrointestinal bleeding [8]. The most prevalent and preventable
risk factors for significant bleeding in ICU patients are
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coagulation abnormalities and stress-induced mucosal
lesions [5].
Coagulation abnormalities include thrombocytopenia, consumption of clotting factors, and sometimes
disseminated intravascular coagulation (DIC). The
causes for thrombocytopenia [9,10], which can occur
in approximately 45% of ICU patients, include:
a. decreased platelet production due to liver disease.
b. increased platelet destruction by an immune response to sepsis.
c. defective bone marrow or viral infection.
d. increased splenic sequestration due to splenomegaly.
e. increased platelet consumption following trauma.
f. hemodilution after a massive RBC transfusion.
g. certain medications.
h. cardiac assist devices.
Although less frequent (1% incidence), DIC can
sometimes occur in patients with severe sepsis [5,11].
Stress-induced upper gastrointestinal bleeding
(UGI), either occult or visible, can develop in a patient
as a result of physiological stress caused by clinical conditions. It usually manifests in patients who are on a
mechanical ventilator for more than forty-eight hours
and in patients with coagulopathy [5,12]. The incidence
of clinically significant gastrointestinal bleeding in mechanically ventilated patients was observed to be 2.8%
[1,12]. Other major risk factors of UGI hemorrhage
include brain injury, renal failure, liver disease, and
gastric ulcers. Effective measures in reducing bleeding
associated with the latter condition are by stress ulcer
prophylaxis with agents like H2-receptor antagonists
or proton pump inhibitors, and early enteral feeding
[1,12].
Defective or decreased erythropoiesis
Inflammatory cytokines such as tumor necrosis
factor-α, interleukins, etc. which are released in response to severe sepsis or trauma, cause anemia by
several mechanisms. These include inhibition of erythropoietin release from the kidneys, decreased the responsiveness of the bone marrow to erythropoietin,
iron sequestration in macrophages, direct suppression
of RBC production and increased destruction of RBCs
by macrophages [4,5,13].
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Nutritional deficiency

Consequences

of anemia

A potentially correctible cause of anemia is nutritional
deficiency. Rodriguez et al. (2001) showed that in nonbleeding, non-haemolysing medical ICU patients, 13%
patients were nutritionally deficient on day 3 of admission to an ICU. (9% iron deficiency, 2 % B12 deficiency,
2 % folic acid deficiency) [14].

Anemia is associated with poor outcomes, mostly in
elderly patients with chronic disease [4,5,23]. The compensatory response of the body in acute or chronic anemia is an extra burden on critical patients, who are often
in either newly developed or preexisting cardiopulmonary failure. The body reacts and compensates for
anemia by increasing cardiac output (increased heart
rate and stroke volume), oxygen unloading (right shift
of the oxyhemoglobin dissociation curve) and oxygen
extraction. Various studies have shown that anemia is
associated with adverse outcomes in acute myocardial
infarction, chronic kidney disease, and chronic heart
failure [4,5,23]. Studies have also shown increased risk
of re-intubation or weaning failure from mechanical
ventilator in those patients having low hemoglobin levels, more so in patients with chronic obstructive pulmonary disease [4,5,23].

Woodman et al. (2005) showed that one-third of patients who were 65 years or older had nutritional deficiency anemia. [15]
Iron sequestration
It has been shown in various studies, that associated
with an inflammatory response due to conditions like
infections, rheumatologic diseases, inflammatory bowel disease, and critical illness, there is increased level
of hepcidin, a liver-produced peptide, which helps in
regulating iron metabolism [16,17]. The elevated levels of hepcidin cause increase iron sequestration in
macrophages and also reduce iron absorption from
the gut,[16-18] leading to iron-restricted erythropoiesis by the body [17,19]. Patteril et al. (2001) and Bellamy et al. (1998) showed that in approximately 35% of
the patients who have anemia at the time of admission
to an ICU, the causative factor was iron sequestration
[20, 21]. In some patients, iron deficiency co-exists
with inflammation, and the hepcidin levels may be low
or variable [17]. Patients having a high hepcidin-level
deficiency anemia benefited from intravenous iron
therapy with or without erythropoietin stimulating
agents.
Drug Reactions
Drugs can lead to anemia by two primary mechanisms.
a. Suppression of erythropoietin release. Common medicines like calcium channel blockers,
theophylline, angiotensin-converting enzyme
inhibitors, angiotensin-receptor blockers, and
β-adrenergic blockers may suppress the release
of erythropoietin in few patients [5].
b. Hemolysis. Piperacillin, Ceftriaxone, Diclofenac, Methyldopa, Quinine, Primaquine, Sulfa
drugs, Nitrofurantoin.
Treatment is by the discontinuation of medication
and, if required, using corticosteroids [5,22].

Management

of anemia in
critically ill
Blood Transfusions
Transfusion of packed red blood cells (PRBC) in critically ill patients serves to increase oxygen delivery
thus decreasing tissue hypoxia. However, many studies have not shown any improvement in oxygen uptake
post-transfusion of PRBC. This can be explained by the
various adverse factors of stored blood like low levels of
2,3-diphosphoglycerate which decreases the ability of
the hemoglobin to unload oxygen to the tissues (shift of
oxygen disassociation curve to the left), the structural
changes in stored red blood cells resulting in increased
aggregation and/or hemolysis, and the accumulation of
pro-inflammatory cytokines [4,5,23,24].

Transfusion-related

complications
Complications of massive transfusion: A massive
transfusion is defined as the replacement of a patient’s
total blood volume in less than twenty four hours [25].
This can lead to abnormalities of coagulation, serum
biochemistry, acid–base balance and temperature homeostasis [25].
Coagulation abnormality
This occurs as in cases of massive transfusion of PRBC,
which lead to dilutional coagulopathy, as the PRBC is
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deficient in platelets and coagulation factors present in
plasma. This can be prevented by replacement of clotting factors with transfusions of fresh frozen plasma
(FFP), platelets and cryoprecipitate.
Biochemistry: Biochemical complications of massive transfusion include:
a. hypocalcemia due to citrate present as an anticoagulant (acts by binding to the calcium)
b. hyperkalemia.
c. hypomagnesemia.

Transfusion-associated circulatory overload (TACO)

Acid–base abnormalities

This potentially leads to increased risks of nosocomial
infection due to the increased levels of mediators in the
stored blood, which cause immune suppression in the
recipient [23,24,30].

Stored blood contains citric acid as anticoagulant and
lactic acid produced from stored red cells. Citric acid is
metabolized by the liver into bicarbonate, which leads
to metabolic alkalosis.
Hypothermia
Can be caused by rapid transfusion of PRBC, which is
stored at 4oC [23-25].
Transfusion-related acute lung injury (TRALI)
TRALI is characterized by non-cardiogenic pulmonary
edema leading to hypoxia, respiratory distress, and
chest X-ray showing new bilateral pulmonary infiltrates. It occurs within minutes to six hours after transfusion and is the most common cause of mortality and
morbidity post blood product transfusion. Symptoms
may also include fever, tachycardia, hypotension and
normal cardiac pressure on invasive monitoring which
helps to differentiate from other causes [24,26,27].
Two mechanisms have been proposed to account for
the pathogenesis of TRALI:
1. Immune mediated mechanisms.
2. Non-immune mediated mechanisms [26,27].
Immune mediated TRALI occurs due to the presence of leukocyte antibodies in the plasma of the donor blood, which are directed against human leucocyte
antigens (HLA) and human neutrophil alloantigen
(HNA) in the recipient. Non-immune mediation is
thought to be as a result of biologically active substances such as lipids and cytokines. Both mechanisms lead
to an increased pulmonary microvascular permeability, which is characteristic of TRALI.
Though any blood product can trigger TRALI, it has
been commonly associated with transfusion of products containing a high plasma content and the risk increases with the number of transfused products.

Patients at high risk of volume overload (congestive
heart failure, low cardiac ejection fraction, renal failure, respiratory failure) may develop TACO on receiving massive or multiple transfusions. Signs and
symptoms of TACO are similar to TRALI and include
dyspnea, orthopnea, tachypnea, elevated jugular pressures with distended neck veins and increased blood
pressure [24,28,29].
Transfusion-related immunomodulation (TRIM)

The other potential adverse effects of blood transfusion include transfusion reactions, transfusion-transmitted infections and iron overload due to repeated
transfusions of RBCs for the treatment of chronic conditions, resulting in end-organ damage [23,24].

When

to transfuse blood?
Various studies and trials have shown that restrictive
blood transfusions protocols that use a hemoglobin
trigger of <7 g/dL in critically ill patients (except the
patients with cardiovascular disease including acute
myocardial infarction or unstable angina) have been
found to be beneficial in lowering total mortality, infections, and cardiac events [24,31]. A hemoglobin level
of 9-10g/dL is aimed for in patients with acute cardiovascular disease and early stages of severe sepsis, dL
[23,24,31].

Alternatives

to Transfusion
Knowledge of the adverse effects of blood transfusion
has focused current research on finding methods to reduce or avoid red blood cell transfusion.
Erythropoiesis-stimulating agents (ESA)
A review of the literature has shown that in critically ill
patients there is an inappropriately low erythropoietin
release or a decreased response of the bone marrow to
erythropoietin [13,32].
Corwin et al. (2007), in a prospective, randomized,
placebo-controlled trial including 146 medical, surgical and trauma patients, concluded that treatment with
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erythropoietin did not help in reducing the rate of red
cell transfusions but resulted in a decrease in mortality in trauma patients. Also, the use of erythropoietin
was associated with a greater incidence of thrombotic
events [33]. This may be due to the facts that ESAs have
a delayed effect, or the critical patients have resistance
to ESA and require a high dosage, as concluded by Jelkmann et al. (2013) [34]. Thus ESAs are shown to have a
beneficial role only in critically ill patients with a concomitant medical disease (renal disease) or in trauma
patients [33,34].
Blood Substitutes
These are also known as oxygen carriers and have not
shown promising results being still a subject of research.
The developed oxygen carriers are of two types:
a. Cell-free hemoglobin-based oxygen carriers
(HBOCs).
b. Per fluorocarbons.
HBOCs have various adverse effects including nephrotoxicity, impaired perfusion, and increased rates
of myocardial infarction and death. Also, their short
intravascular half-life of 12 to 48 hours, have limited
their use to severe cases of acute bleeding in surgical or
trauma patients [4,35-37].
Iron Therapy
In critically ill patients, there is iron-restricted erythropoiesis due to iron sequestration and decreased absorption from the gut. This suggests a potential, mainly
intravenous role, of iron therapy. However, this type of
treatment has been challenged as iron has been associated with the growth and virulence of microbes responsible for nosocomial infections and decreasing the
iron levels may be a defense response of the body to
sepsis [38,39]. Further research is needed before this
therapy can be accepted on a regular basis.

Conclusion

The occurrence of anemia is almost inevitable in critically unwell patients admitted to an intensive care unit.
Considering its multifactorial etiopathogenesis, it has
an impact on patient morbidity and mortality. The primary etiologies includes blood loss due to phlebotomy
and bleeding and defective erythropoiesis due to the
systemic inflammation. Available therapies for improving the survival rates in critically ill patients aim
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at maintaining adequate oxygenation of tissues, though
these therapies are not without their limitations. Blood
transfusions are associated with various complications,
including an increased risk of ARDS and infections increasing both mortality and morbidity. The potential
benefits and the risks involved must be carefully evaluated in every patient for whom a blood transfusion is
being considered. The evidence supports the restrictive
strategy of RBC transfusion (transfusion at Hb<7 g/dl)
preferably over a liberal transfusion strategy (transfusion at Hb< 10 g/dl), in the majority of the critically ill
patients.
The ICU team play a significant role in minimizing
blood tests, providing ulcer prophylaxis, early nutrition
and adopting restrictive transfusion strategies.
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