
454  Section 14 / Metabolism and Nutrition in Critical Illness and Acute Kidney Injury

CHAPTER 77 

Anemia of Critical Illness
Craig French

OBJECTIVES
This chapter will:
1. Outline the limitations of current definitions of anemia.
2. Describe the relationship of the anemias of inflammation 

and critical illness.
3. Review literature outlining the epidemiology of the anemia 

of critical illness.
4. Outline the proposed mechanisms of the anemia of critical 

illness.

In the past decade, significant advances have been made 
in our understanding of the anemia found in critically ill 
patients. Evidence suggesting allogenic red cell transfusion 
may be associated with harm1 along with the possibility 
of supply restrictions (because of fewer donors), and the 
availability of transfusion alternatives (such as human 
recombinant erythropoietin) has driven research in this 
area.2 The anemia of critical illness has been described as 
an acute variant of the anemia of chronic disease.3–5 Indeed, 
there appears to be significant overlap in the pathogenesis 
of the anemia of chronic disease, renal failure, and critical 
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Two large observational studies conducted last decade 
provide the best evidence of the epidemiology of this 
condition.1,9 The Anemia and Blood Transfusion in Criti-
cal Care (ABC) study1 is an observational cohort study of 
3534 patients admitted to 146 European ICUs. Consecutive 
patients admitted to the participating ICUs during a 2-week 
period in 1999 were enrolled. The researchers’ objective was 
to define the incidence of anemia in this group of patients. 
The mean (SD) hemoglobin concentration on admission 
to ICU was 113 (2.3) g/L, with 63% having a hemoglobin 
level of less than 120 g/L and 29% less than 100 g/L. The 
study enrolled a broad cross-section of elective surgical 
(41.4%), medical (32.6%), emergency surgical (16.6%), and 
trauma patients (7.6%) with a mean Acute Physiology and 
Chronic Health Evaluation (APACHE) II score of 14.8 (7.9), 
mean sequential organ failure assessment  (SOFA) score of 
5.2 (3.8), and length of stay of 4.5 (6.7) days. In this study 
only 13% of patients had a recent history of anemia. Of 
all patients admitted with a hemoglobin concentration of 
less than 100 g/L (36.6%), only 50% had a history of either 
acute bleeding or documented cause for their anemia. A 
weak negative correlation between hemoglobin concentration 
on ICU admission, severity of illness, and ICU length of 
stay was observed.

In the United States the CRIT study9 enrolled 4892 
patients from 284 ICUs during a 9-month period from August 
2000 to April 2001. It is not reported what proportion of 
total admissions this represents, and the risk of selection 
bias and the potential for an overestimation of the prevalence 
of anemia exist. There were fewer elective postoperative 
admissions in this cohort of patients (20% vs. 41.4%) 
compared with the ABC study. The mean hemoglobin level 
on admission was similar—110 (2.4) g/L, with just less than 
two thirds having a hemoglobin concentration less than 
120 g/L. In contrast to the ABC study, the patient cohort was 
sicker, with a median APACHE II score of 19.7 (8.2), SOFA 
score of 6.2 (3.7), and ICU length of stay of 7.4 (7.3) days. 
These differences are most likely explained by selection 
bias. Despite the CRIT study having a sicker patient cohort, 
the mean admission hemoglobin and the distribution are 
remarkably similar. This suggests that severity of illness may 
not be associated with a higher prevalence of anemia on 
admission to the ICU. Observational cohort studies report-
ing the hemoglobin concentration on admission also have 
been done in Scotland5 and Australia,13 where the median 
hemoglobin concentrations on admission were 105 g/L and 
98 g/L, respectively.

Although differences in methodology limit the generaliz-
ability of these data, it appears that up to 25% of critically 
ill patients will have a hemoglobin concentration of 90 g/L 

illness (Fig. 77.1). This chapter provides an overview of the 
epidemiology and pathogenesis of this clinical syndrome.

DEFINITION OF ANEMIA

Anemia may be defined as a reduction in circulating red 
cell mass with an associated decrease in the oxygen-carrying 
capacity of blood.6 In clinical practice, this is determined 
by measurement of the hemoglobin concentration; hematocrit 
or red cell count with hemoglobin concentration and 
hematocrit are used most commonly. In 1968 a World Health 
Organization report outlined criteria required for the 
diagnosis of anemia: a hemoglobin concentration of 140 g/L 
in adult males and 120 g/L for (nonpregnant) adult females.7 
Despite being derived from very limited data, these defini-
tions were promulgated widely and adopted by the medical 
profession. Their validity has been challenged with several 
alternate definitions derived from large population-based 
studies.6 Given the lack of consensus regarding the definition 
of anemia, it is not surprising that no definition or grades 
severity exists for anemia observed in critically ill patients. 
Developing a specific grading system for the critically ill 
is difficult because the underlying illness and the therapies 
provided influence red cell mass and plasma volume. In 
addition, despite the publication of randomized controlled 
trials of transfusion strategies and guidelines for transfusion8, 
variation in practice inevitably will still exist. Such variation 
will influence epidemiologic studies of anemia in the 
critically ill.

EPIDEMIOLOGY

Numerous studies have demonstrated that anemia is a 
common problem in the intensive care unit (ICU).1,9–12 In 
1995 Corwin et al.10 demonstrated that more than 90% of 
critically ill patients have a subnormal hemoglobin level 
within 72 hours after ICU admission. In any individual 
ICU, the case mix, severity of illness, and local transfusion 
practice influence the prevalence of anemia. Accordingly, 
the most robust data come from multicenter observational 
cohort studies. In the past decade five such studies have 
been published.1,5,9,13,14 These studies demonstrate the 
prevalence of anemia on admission to ICU and also the 
development of anemia during stay in the ICU. These two 
subsets of the epidemiology of anemia of critical illness 
are addressed separately in this chapter.
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FIGURE 77.1 Schematic presentation of overlap between the anemias of renal failure, chronic illness, and critical illness. The size of the 
lines indicates the relative contributions of contributing factors. EPO, Erythropoietin. (Modified from Eckardt KU. Anemia of critical 
illness—implications for understanding and treating rHuEPO resistance. Nephrol Dial Transplant. 2002;[Suppl 17]:S48–S55.)
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In a single-center observational study, Nguyen et al.11 
also investigated the time course of hemoglobin concentra-
tion in critically ill patients who were not transfused. This 
study excluded patients with recent evidence of bleeding, 
the majority of postsurgical patients, those with either acute 
or chronic renal failure, and those with an ICU length of 
stay less than 24 hours. Follow-up was for 7 days. Despite 
the differences in methodology, their results are similar to 
those of the CRIT study: a rapid decrease in hemoglobin 
(about 50 g/L) for the first 3 days followed by a slow decline 
in hemoglobin concentration (12 g/L).

Anemia is therefore frequently present on admission to 
ICU, and if not present on admission develops rapidly 
within the first 72 hours in the majority of patients. There-
after, a slow decline in hemoglobin concentration is 
observed. The available data also suggest that the majority 
of patients with an ICU length of stay greater than 7 days 
have a hemoglobin concentration less than 90 g/L at some 
time during their ICU stay.

CAUSE OF THE ANEMIA OF  
CRITICAL ILLNESS

The cause of the anemia of critical illness is multifactorial 
and complex.17,18 Many of the etiologic factors are shared 
with the anemia of chronic disease; it is their relative 
contribution that differs.19 Contributing factors include 
hemodilution, overt or occult blood loss (including iatro-
genic blood loss secondary to phlebotomy), impaired red 

or less at some time during their admission. This makes 
anemia one of the most frequently encountered clinical 
syndromes that intensive care clinicians must manage.

The ABC1 and CRIT9 studies also describe the develop-
ment and severity of anemia during ICU stay. Although 
hemoglobin concentrations measured during ICU stay 
obviously are associated with transfusion, these vary 
between institutions and jurisdictions. The TRICC15 trial 
demonstrated the equivalence of restrictive and liberal 
transfusion strategies in a heterogeneous group of critically 
ill patients. Improved outcome in patients randomized to 
the restrictive strategy (transfusion trigger hemoglobin 
concentration 70 g/L) was demonstrated in a secondary 
endpoint (hospital mortality) and a subgroup of less severely 
ill patients (APACHE II score of less than 25). Observational 
studies suggest that this study has had a significant impact on 
transfusion practice1,5,9,13,14; the observed transfusion trigger 
is approximately 80 g/L. This is in contrast to clinicians’ 
attitudes toward transfusion practice published before the 
TRICC study.16 Although there inevitably will be variation 
in transfusion practice, it seems that the TRICC study has 
improved uniformity among jurisdictions.

The CRIT9 study is the only observational study to report 
longitudinal hemoglobin concentration data of transfused 
compared with nontransfused patients (Fig. 77.2). Fig. 
77.2 shows the hemoglobin concentration levels from day 
1 through day 30 in all patients, those transfused, and 
those not transfused. In the nontransfused group, the mean 
admission hemoglobin concentration was approximately 
120 g/L. This decreased acutely to approximately 110 g/L 
after 3 to 4 days. After this, only a slow decline in mean 
hemoglobin in concentration is observed.
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formation of erythroblasts and their subsequent maturation. 
The mechanisms for this have been reviewed elsewhere.24 
The kidney plays a central role in red blood cell production 
in adults. In response to low arterial oxygen tension, red 
blood cells release erythropoietin (EPO), a glycoprotein 
hormone produced primarily by the cells of the peritubular 
capillary endothelium. This acts upon the bone marrow to 
stimulate red blood cell production by a mechanism that 
is not completely understood. In healthy individuals the 
normal serum concentration is 5 to 10 international units (IU) 
per liter.25Studies performed during the 1990s demonstrated 
that endogenous EPO levels were inappropriately low in 
critically ill patients.26–28 After adjusting for differences in 
hemoglobin concentration EPO levels were reduced by 
approximately 75% compared with ambulatory patients 
with iron deficiency anemia.28 This is consistent with 
data demonstrating that proinflammatory cytokines may 
inhibit hypoxia-induced EPO production via a number of 
mechanisms, including EPO gene inhibition and EPO resis-
tance.29,30 However, the belief that EPO levels are reduced 
in critical illness has been challenged.31 No difference in 
endogenous EPO levels was observed between patients with 
critical illness and nonhospitalized patients with normal 
renal function. In a subgroup of patients, those with critical 
illness and acute renal failure, a marked elevation in EPO 
level was noted. These high EPO levels declined rapidly 
over 72 hours with almost all patients then in the low 
or normal range. It is unclear why this study produced 
results that differed from those in previous work. Possible 
explanations include differences in assays and the use of 
different control groups—in patients with iron deficiency 
anemia, for example, marked elevations in EPO levels are 
expected. It is possible that impaired erythropoiesis is 
related to a failure of EPO effect rather than an absolute 
deficiency. Accordingly, for EPO therapy to be effective, 
pharmacologic doses rather than physiologic replacement 
apparently are indicated.

It is apparent that the inflammatory response associated 
with critical illness influences iron metabolism and erythro-
poiesis and that alteration in iron metabolism plays a major 
role in the maintenance of the anemia of chronic disease.21,32 
Iron metabolism in critical illness18,19 and the physiology 
of iron metabolism have been reviewed.33 Diagnosis and 
management of iron-related anemia are difficult and require 
an understanding of the measures of iron deficiency in 
critical illness and the mechanisms of the anemia of critical 
illness.34 In general it is believed that acute inflammation 
decreases iron available for erythropoiesis. Under normal 
circumstances, most iron is recycled after the catabolism 
of red cells by the reticuloendothelial system. Iron is 
transported by transferrin, which in turn binds to either 
the surface of erythroblasts or to apoferritin. Erythroblasts 
then internalize the iron and mature to become erythrocytes, 
and apoferritin stores iron in the form of ferritin.20

Acute inflammation initiates a series of events that 
result in iron misdistribution: a decrease in serum iron, 
decrease in transferrin, and normal or elevated ferritin 
levels. Teleologically these mechanisms appear to have 
evolved to deprive bacteria of iron.21 Iron overload also 
can impair polymorphonuclear leukocyte function with 
impaired phagocytosis and bacterial killing35; however, 
data regarding iron and its effects on immune function 
are conflicting.36 As part of the acute phase response, the 
synthesis of ferritin is increased principally in response to 
the cytokines interleukin-1 (IL-1) and interleukin-6 (IL-6) 
and to tumor necrosis factor.24,37 These medicators lead 
to increased iron storage with an associated decrease in 
the mobilization of iron. Accordingly, a decrease in serum 

cell production, and decreased red cell survival resulting 
from increased uptake by the reticuloendothelial system20,21  
(Box 77.1).

Hemodilution
Fluid resuscitation is a cornerstone of intensive care 
practice.22 It is recommended not only when replacing 
absolute fluid deficits, such as those observed in trauma, 
but also for relative intravascular volume depletion believed 
to occur in other critical illnesses, such as sepsis.23 Fluid 
resuscitation usually commences with a crystalloid or colloid 
solution rather than with transfusion of packed red blood 
cells. Few data exist regarding the effect of these practices 
on hemoglobin concentration because there is no easy way 
to simultaneously measure plasma volume and red cell 
mass at the bedside, let alone during volume resuscitation. 
The acute drop in hemoglobin concentration in the first 
72 hours of critical illness seen in observational studies in 
patients not transfused is more likely to be caused by 
hemodilution rather than any of the factors discussed later. 
It may be hypothesized that hemodilution contributes to 
the acute development of the anemia of critical illness and 
is exacerbated and maintained by impaired red cell produc-
tion and a decreased red cell survival.

Blood Loss
The role of phlebotomy in the development of anemia 
has been debated over the years. Once thought to play a 
dominant role, its significance has been challenged,3,10 and 
the belief that anemia in the critically ill is simply the result 
of excess phlebotomy has been debunked.1 The influence of 
phlebotomy was best evaluated in a substudy of the ABC1 
study. The ABC investigators collected 24-hour sampling 
data on 1136 patients. The mean number of draws per 
patient was 4.6 (3.2) with a mean volume of 10.3 (6.6) mL. 
The average total volume for the 24-hour period was 41.1 
(39.7) mL. Not unexpectedly, increased severity of illness 
correlated positively with increased number of draws and 
volume of blood removed. Although this amount is greater 
than the normal healthy daily replacement rate,17 the amount 
of blood drawn remains relatively small, and other factors 
most likely have a greater role in the pathogenesis of anemia. 
Clinicians still should that only necessary investigations 
are requested and, in patients who require more frequent 
tests, should consider the use of blood-conserving devices.

Impaired Erythropoiesis
Erythropoiesis is the development of mature red blood 
cells. Critical illness and inflammation interfere with the 

BOX 77.1 

Potential Etiologic Factors in the Anemia of  
Critical Illness

Phlebotomy
Pathologic bleeding
Impaired erythropoiesis
Increased erythrocyte destruction
Abnormal iron metabolism
Blunted erythropoietin response
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of inflammation.41 Further investigation into the role of 
hepcidin in the pathogenesis of the anemia of inflammation 
is indicated.

The inflammatory state also has been shown to interfere 
with erythroblast maturation. Tumor necrosis factor-alpha, 
IL-1, and IL-6 directly inhibit red cell formation.42,43 Inter-
feron gamma has been demonstrated experimentally to 
induce apoptosis in red cell precursors. Data of changes 
in bone marrow cell lines in the critically ill are limited. 
Some evidence to support erythrocyte precursor in this 
population exists.

In summary, for critically ill patients without acute 
bleeding, the reduction in the hemoglobin concentration 
observed in the first 72 hours of hospital stay is most prob-
ably related to fluid resuscitation. There does not appear 
to be any other biologically plausible explanation. There 
is no evidence to suggest that this acute reduction of up 
to 5 g/L/day occurs in the early phases of related anemias 
(chronic disease and renal failure). Table 77.1 summarizes 
the pathophysiologic factors in the anemia of chronic 
disease.24 It is probable that many of these factors are shared 
with the anemia of critical illness. The onset of inflammation 
rapidly induces changes in iron homeostasis, the prolifera-
tion of erythroid progenitor cells, erythropoietin production, 
and red cell life span that contribute to the maintenance 
of anemia. In the majority of adult patients, although 
phlebotomy contributes to the condition, is not the dominant 
cause.

iron is observed, and a correlation between the severity of 
inflammation and reduction in serum iron concentration 
exists. In addition, IL-1 stimulates lactoferrin synthesis.37 
Lactoferrin has greater affinity for iron than does transferrin. 
Iron bound to lactoferrin is not available for erythropoiesis; 
it may be stored only as ferritin. In addition, the proin-
flammatory cytokines influence the binding affinity of iron 
regulatory proteins and decrease expression of the transferrin  
receptor.

The key role of hepcidin in iron metabolism is now 
recognized.33 Hepcidin first was identified in 2001.38 It 
is a small (25-amino acid) peptide whose production by 
the liver is modulated in response to anemia, hypoxia, or 
inflammation. The HAMP (hepcidin antimicrobial peptide) 
gene codes for the precursor protein pre-hepcidin, which is 
then cleaved into hepcidin. Hepcidin has dual roles: it is an 
effector of the innate immune system, and it is a negative 
regulator of iron transport, exerting an inhibitory effect 
on iron absorption by duodenal enterocytes and on iron 
release from the reticuloendothelial system. Its expression 
is induced by inflammation but is decreased by anemia and 
hypoxia. It has been described as a molecular link between 
inflammation and anemia.39 Hepcidin mRNA production, 
and therefore hepcidin, is suppressed in anemia40; however, 
the increased IL-6 seen in inflammatory states is a strong 
stimulus for hepcidin production. Hepcidin is likely 
the medicator ultimately responsible for functional iron 
deficiency and inadequate erythropoiesis in the anemia 

TABLE 77.1 

Admitting Clinical Dataa

NO. (%)
MEAN ADMITTING 
APACHE II SCORE

MEAN ADMITTING 
SOFA SCOREb

MEAN ADMITTING 
Hb LEVEL (g/dL)

PRIOR TRANSFUSIONc 
(%)

Admission Type
Elective surgery 1464 (41.4) 11.6 4.2 11.0 26.1
Medical 1151 (32.6) 17.9 5.9 11.9 6.6
Emergency surgery 586 (16.6) 16.3 6.1 10.8 34.2
Trauma 269 (7.6) 15.1 5.6 11.5 19.6
Other 58 (1.6) 14.5 4.0 12.0 17.2
Shock at ICU admissionc,d 705 (20.2) 21.8 8.8 10.5 28.0
Sepsis/septic 271 (38.4) 22.1 9.0 10.4 6.6
Cardiogenic 205 (29.1) 23.4 9.4 11.1 12.1
Hemorrhagic 180 (25.5) 21.0 8.4 9.2 68.4
Other 94 (13.3) 21.8 8.3 11.8 12.9
Primary Admission Diagnosis
Coronary ischemic heart disease 637 (18.2) 13.6 5.6 11.2 20.8
Circulatory 579 (16.5) 15.6 5.8 11.0 29.9
Respiratory 549 (15.6) 16.2 5.3 11.5 12.8
Neurologic 397 (11.3) 15.3 5.1 12.3 6.3
Gastrointestinal 353 (10.1) 14.0 4.6 10.8 30.5
Trauma 237 (6.8) 14.9 5.4 11.5 24.6
Kidney/urinary tract 126 (3.6) 14.4 4.9 10.6 27.2
Infectious 115 (3.3) 18.2 6.6 10.7 10.4
Hepatobiliary/pancreatic 94 (2.7) 15.0 5.6 10.8 34.4
Poisoning 88 (2.5) 11.6 3.8 13.3 0
Endocrine/metabolic 52 (1.5) 15.1 3.1 12.7 5.8
Orthopedic 51 (1.5) 10.5 2.5 10.7 35.3
Obstetric/gynecologic 46 (1.3) 9.2 2.6 10.4 26.1
Hematologic/immunologic 18 (0.5) 23.4 8.5 9.0 52.9
Other 166 (4.7) 11.6 3.2 11.3 16.4

aNumbers do not total 3534 because of missing data (some forms incomplete).
bRange of scores for APACHE II, 0–71; for SOFA, 0–24.
cWithin 24 hours prior to ICU admission.
dTypes were not mutually exclusive; total percentage exceeds 100%.
APACHE II, Acute Physiology and Chronic Health Evaluation II; Hb, hemoglobin; ICU, intensive care unit; SOFA, Sequential Organ Failure Assessment.
From Weiss G, Goodnough LT. Anemia of chronic disease. N Engl J Med. 2005;352(10):1011–1023.



3. On average, the hemoglobin concentration decreases 
by approximately 5 g/L for the first 3 days after 
intensive care unit admission.

4. In nonbleeding patients, hemodilution is likely 
to be the cause of this initial rapid decrease in 
hemoglobin.

5. Proinflammatory cytokines and increased hepcidin 
production initiate a cascade that results in 
impaired erythropoiesis, abnormal iron homeosta-
sis, and a blunted erythropoietin response.
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CONCLUSION

Anemia in the critically ill is common. Despite the lack of 
a clear definition, well-conducted observational studies 
have demonstrated the condition’s epidemiology. It shares 
many of its etiologic factors with the anemia of chronic 
disease and renal failure. However, substantial uncertainty 
about this common conditions management remains: who 
to transfuse; when to transfuse; and the role of adjuvant 
therapies, such as iron. As our understanding of the epi-
demiology and pathophysiology improves, clinicians will 
be able to make more informed choices regarding the 
management of this condition.

Key Points

1. Anemia is one of the most common clinical  
syndromes encountered by intensive care 
clinicians.

2. Observational studies indicate that only a small 
percentage of patients have a preexisting cause for 
their anemia.
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