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Anaemia occurs frequently during critical illness. Recent
studies have increased our understanding of how well critically ill patients tolerate anaemia. It is known that anaemia
does not result simply from diagnostic and physical blood
loss, but is multifactorial in origin. Recently, abnormalities
in circulating red cell function have been described that are
potentially relevant to efficient oxygen delivery. Potential
new approaches to the management of the anaemic patient
during critical illness have also been evaluated.
This narrative review considers methodological issues
relevant to understanding the critical care literature on
anaemia. We summarize current understanding of the prevalence of anaemia during critical illness, specifically among
patients in intensive care units (ICUs), and discuss the various factors that contribute to its development. We consider
how red cell function may alter during critical illness and the
possible clinical relevance of these changes. The treatment
of anaemia is discussed, with particular emphasis on haemoglobin triggers for allogeneic red cell transfusions among
critically ill patients, with reference to clinically important
subgroups. The place of erythropoietin, an emerging therapy
for anaemia in this setting, is considered and key future
research questions identified.

Definition of anaemia
Anaemia is a haemoglobin concentration in blood that is
below the expected value, when age, gender, pregnancy and
certain environmental factors, such as altitude, are taken into
account.23 It results in a reduction in red cell mass and a
decrease in the oxygen-carrying capacity of the blood. The
World Health Organization (WHO) defines anaemia as a
haemoglobin <13 g dl1 (haematocrit <39%) for adult
males and <12 g dl1 (haematocrit <36%) for adult nonpregnant females.23 There are no universally agreed grades
of severity for anaemia during critical illness. Several classifications specific to cancer, a condition in which recent

studies link anaemia severity and its treatment to quality
of life, have been proposed (Table 1).

Interpreting the critical care transfusion
literature
Anaemia is assessed by measuring the haemoglobin concentration or haematocrit. It therefore reflects the relationship between circulating red cell mass and the plasma
volume. During critical illness, many factors can change
acutely both these factors, such that the presence of anaemia
needs to be interpreted in relation to concurrent therapy and
pathophysiology. This detail is often unclear from large
studies, because it is difficult to measure, expensive to collect, and classification in a manner that enables statistical
analysis is difficult.
Another major confounder to interpretation is transfusion
practice. Prior to publication of the Transfusion Requirements in Critical Care (TRICC) trial there was wide variation in transfusion practice.30 The TRICC trial compared a
transfusion trigger of <7 g dl1, with a target level of 7–9 g
dl1 during ICU admission, with a trigger <10 g dl1 and
target of 10–12 g dl1 in patients whose haemoglobin concentration had a value of 9 g dl1 during the first 3 days in
ICU.29 The 30 and 60 day mortality were similar for these
groups and significantly lower with the restrictive strategy
among younger (<55 yr) and less ill (APACHE II score <20)
patients. Studies carried out after publication of this landmark trial continue to show variation in transfusion triggers.
As a result, the prevalence and incidence of anaemia among
populations of critically ill patients needs to be placed in
context by a description of the associated transfusion practice.

Prevalence of anaemia during critical illness
The prevalence of anaemia among critically ill patients is
influenced by factors that include patient case mix, illness
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Table 1 World Health Organization grading of the severity of anaemia for
patients with cancer

Table 2 Estimates of the prevalence of anaemia at admission to intensive care
Variable

Estimate of value
or prevalence

Mean haemoglobin concentration
at ICU admission
Proportion of patients with
Haemoglobin concentration <12 g dl1
Haemoglobin concentration <9 g dl1
Prevalence of pre-existing anaemia
at ICU admission

10.5–11.3 g dl1

Grade of cancer related anaemia, haemoglobin range (g dl1)
0
1
2
3
4

(none) >11
(mild) 9.5–10.9
(moderate) 8.0–9.4
(severe) 6.5–7.9
(life threatening) <6.5

severity and pre-existing comorbidity. As noted above, the
blood transfusion practice employed will inevitably influence the haemoglobin concentrations observed. The TRICC
study has resulted in a more consistent use of restrictive
triggers; typical median pre-transfusion haemoglobin values
in recent studies have been 7.8–8.5 g dl1.15 24 58 73 76

Anaemia at ICU admission
Several recent studies have documented the prevalence of
anaemia on admission to ICU. A cohort study of 3534
patients admitted to 146 Western European ICUs with varying case mix (the ABC study) found that the mean haemoglobin concentration at ICU admission was 11.3 g dl1.73
Sixty-three per cent of patients had a haemoglobin concentration <12 g dl1 on ICU admission and 29% of patients
had an admission haemoglobin concentration <10 g dl1.
The study had a low risk of selection bias because all
patients admitted to the participating ICUs over a 2 week
period were included. In the study 13% of patients had a
recent history of anaemia, and among these 37% had a
haemoglobin concentration <10 g dl1 on ICU admission.
The study found that 50% of those patients admitted to
ICUs with a haemoglobin concentration <10 g dl1 had no
history of either acute bleeding or other documented causes
of anaemia. Anaemia was more frequent and more severe in
older patients. Approximately 40% of the patients in the
study were elective post-operative admissions to ICUs
and the overall illness severity was therefore lower than
is typical for some countries (mean APACHE II score
14.8; SD 7.9).
A similarly designed study in the USA examined 4892
admissions to ICUs (the CRIT study).15 In this study the
mean haemoglobin concentration at ICU admission was
11.0 g dl1. Almost two-thirds of patients had a haemoglobin concentration <12 g dl1 at ICU admission. In this
study 20% of patients were post-operative, although it is
unclear whether these were emergency or planned admissions. In addition, it is unclear what proportion of all ICU
admissions to the 284 participating ICUs was studied. As the
study took place over 9 months (averaging 2 enrolments per
ICU per month), it is likely that the study group represented
a subgroup of all admissions. The illness severity at ICU
admission was higher than in the ABC study (mean 19.7;
SD 8.2). As in the ABC study, 13% of patients had anaemia
as a comorbidity on admission.

60–70%
20–30%
13%

A cohort study of 1023 sequential admissions to
10 Scottish ICUs found that the median haemoglobin concentration at ICU admission was 10.5 g dl1 (interquartile
range 9.0–12.4 g dl1).77 The illness severity of patients in
this cohort was similar to those in the CRIT study (mean
APACHE II score 19.8; SD 7.7). This study had complete
data for >99% of patients admitted to the participating ICUs
over the 100 day study period and therefore had a low risk of
selection bias. The authors also showed that the patients
studied represented 44% of all general adult ICU admissions
nationally over the study period. At ICU admission, 25%
of patients had a haemoglobin concentration <9 g dl1
(range 16–34% across the 10 ICUs). Among ICU survivors
and non-survivors 21 and 29%, respectively, of patients had
an admission haemoglobin concentration <9 g dl1 at ICU
admission.
A summary of the epidemiology of anaemia on admission
to ICU based on these large multicentre studies is shown in
Table 2. Because of differences in case mix and study
methodology, the prevalence of anaemia at ICU admission
varies, but it appears that 20–30% of patients have moderate
to severe anaemia (haemoglobin concentration <9 g dl1).
Only 10–15% have documented pre-existing anaemia.

Anaemia during ICU stay
The prevalence and severity of anaemia during ICU admission is clearly linked closely with the transfusion practice
used. The evolution of anaemia among non-transfused,
non-bleeding, critically ill patients is difficult to study
both ethically and in practice. Nguyen and colleagues52
found that among non-bleeding ICU patients who did not
receive red cell transfusions haemoglobin concentrations
decreased by a mean 0.52 g dl1 day1. On average, haemoglobin concentrations decreased by 0.66 g dl1 day1 for the
first 3 days and by 0.12 g dl1 day1 thereafter. This early
rapid decrease in haemoglobin values was also found in a
prospective observational single centre cohort study of
patients receiving >24 h of intensive care.11 Fifty-two per
cent of patients had a haemoglobin concentration <9 g dl1
on the first day of ICU care, increasing to 77% by day 2.
In the CRIT study in US ICUs, the mean haemoglobin
concentration in a cohort of non-transfused patients
decreased from 12 g dl1 at admission to 11 g dl1 by
days 3–4, after which values reached a plateau among
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Table 3 Haemoglobin transfusion triggers and transfusion rates in intensive care for recent large epidemiological studies of anaemia, blood transfusion or both
in ICUs
Study (reference)

Study
acronym

Study
size

Case mix

Mean (SD) population
APACHE II score

Transfusion trigger

Proportion of
admissions
transfused (%)

Vincent and colleagues73
Rao and colleagues58

ABC study
None

3534
1247

Mixed multicentre ICUs
Mixed multicentre
general ICUs

CRIT study
None
ATICS study

4892
1808
1023

Mixed multicentre ICUs
Mixed general ICU
Mixed adult general
ICUs (excluding cardiac)

Mean 8.4 (SD 1.3)
‘haemorrhage’ 8.5
(IQR: 7.8–9.3)
‘low haemoglobin’ 8.5
(IQR: 7.8–8.9)
Mean 8.6 (SD 1.7)
Mean 8.2 (range: 4.4–18.7)
Median 7.8 (IQR: 7.3–8.5)

37
53

Corwin and colleagues15
Bellomo and colleagues24
Walsh and colleagues76

14.8 (7.9)
Transfused patients
19.0 (8.8)
Non-transfused
patients 16.3 (9.3)
19.7 (8.2)
Not given
19.8 (7.7)

patients remaining in the study.15 The normal mean baseline
haemoglobin concentration of this cohort suggest that these
observations may not be generalizable to all intensive care
admissions, but confirm the early rapid onset of anaemia in
many critically ill patients. Several factors contribute to the
decline in haemoglobin concentration, considered later in
this article. Another way of assessing the prevalence of
anaemia in ICU is to examine transfusion rates in conjunction with a measure of illness severity and the haemoglobin
transfusion triggers used. A summary of the findings of
recent large multicentre epidemiological studies (Table 3)
indicates that 39–53% of patients receive blood transfusions
in ICUs when the transfusion triggers range from 7.8 to 8.6 g
dl1.15 24 58 73 76 Based on all admissions, each patient typically receives on average 2–4 red cell units per admission
while in the ICU, depending on the case mix and transfusion
practice present. In the two largest studies (ABC and CRIT
studies), in which mean transfusion triggers were high
(mean 8.4–8.5 g dl1) relative to the value used in the
TRICC trial, the authors followed the cohorts for up to
28–30 days. Irrespective of baseline haemoglobin concentration or blood transfusions mean values converged on a
value of 9.5–10.5 g dl1 over time.15 73 The CRIT study
investigators also published an analysis of the subgroup of
patients with trauma (12% of the total cohort).65 Among
these patients, 55% received transfusions in the ICU at a
mean haemoglobin transfusion trigger of 8.9 g dl1. The
mean haemoglobin decreased rapidly over the first 1–4 days
in the ICU after which it remained between 10 and
10.5 g dl1 over the 30 day follow-up period. This suggested
a significantly more liberal use of transfusions during ICU
care than was used in the TRICC trial, despite most patients
falling into the subgroups who had better outcomes with
restrictive transfusion practice, namely lower APACHE II
scores (mean 16.9) and being young (mean 44.1 yr).
The reason that more liberal transfusion triggers were
used was not clear.
In the ATICS study, the median transfusion trigger was
7.8 g dl1 and only 25% of transfusions were associated
with haemoglobin values >8.5 g dl1 for non-haemorrhage
transfusions.76 Among ICU survivors, 21% had an

44
19.8
39.5

admission haemoglobin concentration <9 g dl1 and a
further 27% developed a haemoglobin concentration of
<9 g dl1 on at least one occasion during ICU stay. Of
patients who died in the ICU, these proportions were 29
and 31%, respectively. Forty-six per cent of male and
53% of female ICU survivors had at least one haemoglobin
concentration measured <9 g dl1 during their ICU stay.77
A single centre UK cohort study of patients requiring >24 h
of ICU care documented a median (interquartile range)
transfusion trigger 7.8 (7.4–8.4) g dl1. With this practice,
the haemoglobin concentration was <9 g dl1 on 45% of all
patient days in ICU.11 An analysis of the ATICS dataset
examined the 766/1023 patients who survived to ICU discharge.77 Among the 317 females and 449 males discharged
alive from intensive care, 80 and 87%, respectively, were
anaemic compared with laboratory reference ranges.
Twenty-eight per cent of females and 24% of males had
a haemoglobin concentration <9 g dl1 at the time of ICU
discharge. The authors developed a logistic regression
model to analyse factors associated with the presence of
significant anaemia, defined as a haemoglobin concentration
<9 g dl1, at ICU discharge. Unsurprisingly, the first haemoglobin concentration in the ICU was strongly associated
with significant anaemia at ICU discharge, particularly
given the restrictive transfusion strategy documented in
the study. After including this factor the only other variables
examined that were independently associated with significant anaemia at ICU discharge were the presence and severity of renal failure during ICU stay and the presence of
thrombocytopenia.
Together, these data show that the ‘hit’ of critical illness
frequently results in acute anaemia, which is present at ICU
admission or develops within the first 24–48 h. Once present, anaemia persists in most patients until ICU discharge
unless modified by blood transfusion practice.
In summary, despite differences in case mix and transfusion practice the prevalence of moderate to severe anaemia
(haemoglobin concentration <9 g dl1) at some time during
ICU stay appears to be 40–50% among most ICU populations. If anaemia is not present at the time of ICU admission
it develops rapidly during the first 2–3 days in most patients.
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Once present anaemia tends to persist until ICU discharge
unless modified by blood transfusions.

Anaemia after ICU discharge
There are few data concerning anaemia after intensive care
treatment, particularly when restrictive transfusion triggers
have been used. Although the ABC and CRIT studies followed patients for up to 28–30 days the authors did not
report anaemia outcomes specifically for the post-ICU
recovery period.15 73 During the period between ICU and
hospital discharge and in the period after discharge home,
many patients suffer fatigue, breathlessness and other
morbidity frequently associated with anaemia. In the
CRIT study only 13% of patients were transfused after
ICU discharge with a median transfusion trigger of
8.3 g dl1 (first, third quartile: 7.7, 9.0 g dl1), but the
distribution of haemoglobin values among patients during
this period is not reported.15 A similar proportion of patients
were transfused in the ABC study (12.7%) with mean
transfusion triggers ranging from 8.3 to 8.7 g dl1 dependent
on the indication listed. The prevalence and severity of
anaemia after ICU discharge was not specifically reported.73
A single centre study in a UK teaching hospital followed a
cohort of 283 patients managed with restrictive transfusion
triggers in ICU who survived to discharge home from
hospital.81 In this study 11% of patients were transfused
in the post-ICU period with a median transfusion trigger
of 7.4 g dl1 (first, third quartile: 68, 76 g dl1). Patients
spent a median 13 days (first, third quartile: 6, 22; range
1–119 days) in hospital after ICU discharge. At the time of
discharge home 77.4% of patients were anaemic, 32.5%
had a haemoglobin concentration <10.0 g dl1 and 11.3%
<9.0 g dl1. A total of 48% of patients who spent >7 days in
ICU had a haemoglobin concentration <10 g dl1 when
discharged home. Among patients discharged anaemic
82% had normochromic normocytic indices; 12% of
patients had red cell hypochromasia, which could have
indicated iron deficiency. There are no published studies
on longer-term prevalence or recovery from anaemia or
whether this is important for recovery.
In summary, there are currently few data concerning
anaemia during the recovery phase of critical illness. The
data available indicate that anaemia may persist for many
weeks in some patients.

Aetiology of anaemia during critical illness
The aetiology of anaemia during critical illness is multifactorial in most patients (Table 4).

Table 4 Causes of anaemia during critical illness
Pre-existing chronic anaemia
Acquired anaemia
Haemodilution
Blood loss
Blood sampling
Haemorrhage
Reduced red cell survival
Reduced red cell production
Abnormal iron metabolism
Nutritional deficiencies
Inappropriate erythropoietin production
Abnormal red cell production

8

Hemorrhagic
shock

Healthy
euvolemic

Resuscitated with
fluids

6

4

2

0
Blood
volume (litre)

PV
1.7 litre

PV
3 litre

PV
5 litre

RCV
1.3 litre
HCT 0.4

RCV
2 litre
HCT 0.4

RCV
2 litre
HCT 0.28

Hb 13 g dl−1

Hb 13 g dl−1

Hb 9 g dl−1

Fig 1 The relation between red cell volume, plasma volume and
haemoglobin concentration during haemorrhage, healthy euvolaemia,
and fluid resuscitation with clear fluids. PV, plasma volume; RCV, red
cell volume; HCT, haematocrit; Hb, haemoglobin concentration.

patients have severe haemorrhage. The standard clinical
measure for anaemia is haemoglobin concentration or
haematocrit, which is not a reliable estimate of red cell
mass because it is sensitive to altered plasma volume
(Fig. 1).
The relative importance of haemodilution has not been
established, in part because no studies have simultaneously
measured red cell mass while changing plasma volume during resuscitation. It is currently difficult to perform these
measurements in the clinical setting. It is likely that haemodilution accounts for a significant proportion of the
decrease in haemoglobin concentration that occurs rapidly
during the early stages of critical illness, particularly during
fluid resuscitation.

Blood loss
Haemodilution
Critically ill patients frequently develop intravascular hypovolaemia requiring fluid resuscitation. Current practice is
often to administer crystalloid or colloid solutions during
resuscitation and withhold red cell transfusion unless

Historically, blood loss has been considered a major cause
of anaemia in intensive care patients. In practice, it is difficult to estimate total daily blood loss because accurate
measurement from all sources is impractical. In one
study, estimated total daily blood loss using a formula
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based on haematocrit, blood volume estimates and
transfused red cell volume suggested total blood loss of
>100 ml day1.74 Potential sources of blood loss are diagnostic blood sampling and haemorrhage from body sites.
Blood sampling
Phlebotomy contributes to the anaemia of critical illness.
Early studies found that, on average, a critically ill patient
lost 1–2 units of blood through blood sampling during their
hospital stay.34 67 Other studies estimated that phlebotomy
could account for up to 30% of the total blood transfused in
the ICU.2 20 More recent data suggest that phlebotomy is
still a significant source of blood loss. The ABC study found
that the volume of blood lost through blood sampling was
on average 41 ml per 24 h.73 This, and other studies, shows
that the number of samples and total blood volume sampled
are larger among more severely ill patients and among
patients receiving renal replacement therapy.2 73 74 In the
ABC study, the mean sampling volume was 10.3 ml and
it follows that clinical care that includes frequent sampling
will significantly increase diagnostic blood loss. Blood sampling volumes are highest during the first 24 h of ICU stay
and decrease progressively among patients requiring longer
periods in ICU.73 74
Haemorrhage
There are many potential sources of bleeding in critically ill
patients. The contribution from gastrointestinal bleeding is
probably overstated with modern resuscitation and management,14 57 but may be relevant in high-risk patients including
those receiving mechanical ventilation or with coagulopathy
and renal failure.13 Recent ICU-based transfusion studies
suggest that between 20 and 55% of all transfusion events
are associated with bleeding, but these analyses do not indicate the contribution of bleeding to anaemia.24 58 73 76 In a
recent multicentre study, 21% of ICU patients experienced
at least one episode of significant bleeding during ICU stay,
defined as loss of at least 300 ml of blood from any site
during a 24 h period.76 Of these admissions, 65% had one
episode, 20% had two episodes and 15% had three or more
episodes, and 18% of all ICU admissions received at least
one red cell transfusion associated with haemorrhage during
ICU stay. The mean number of red cell units transfused for
each haemorrhage episode was 3.1, and haemorrhagerelated transfusions accounted for 53% of all the red cell
units given in ICU. The study did not document the source of
bleeding and in only 24% of the transfusion episodes were
>4 red cell units given. These data suggest that haemorrhage remains an important source of blood loss in a
subgroup of intensive care patients, but is not the only
explanation for the high prevalence of anaemia observed.
Reduced red cell survival
Complement activation, which occurs in critically ill
patients with systemic inflammatory response syndrome
or sepsis, could potentially cause premature RBC destruction, although no evidence of intravascular haemolysis has

been found.74 Changes in red cell deformability and membrane characteristics, which are discussed later in this article, could decrease red cell survival. Direct evidence
suggesting that critical illness, and sepsis in particular,
reduces red cell lifespan is lacking. However, there are
experimental data showing that inflammatory mediators,
such as TNF-a and IL-1, can decrease erythrocyte survival
time in other settings.64 Oxidative stress has recently been
shown to induce premature apoptosis among red cells,
despite their lack of nuclei.44 Further work is needed to
establish whether these mechanisms are clinically important
in the critically ill.

Reduced red cell production
Several studies have demonstrated inappropriately low reticulocyte counts in anaemic, critically ill patients.16 72 74 This
suggests that critically ill patients do not have a normal
erythropoietic response to anaemia. Healthy blood donors
or patients treated for iron deficiency rapidly release reticulocytes into the circulation in response to anaemia. Bone
marrow suppression appears to be associated with the presence or persistence of an inflammatory state. Several mechanisms may be involved, many of which are implicated in
the anaemia of chronic disease. Corwin coined the term
‘acute anaemia of chronic disease’ to describe the abnormal
erythropoiesis that occurs during critical illness.18 This term
is useful because there appear to be many similarities
between erythropoiesis during acute and chronic inflammatory conditions, including cancer. A number of factors, which
normally regulate or limit red cell production, could contribute to reduced red cell production during critical illness.
Iron metabolism
Acute inflammation is thought to decrease the iron available
for erythropoiesis. The interpretation of iron indices in
inflammatory states is difficult because serum ferritin is
increased and serum transferrin is decreased as part of
the acute phase response.8 ICU patients typically have
low values for serum iron, total iron binding capacity and
serum iron/total iron binding capacity ratio, but the serum
ferritin concentration is normal or more usually elevated.62 72 74 These biochemical changes, which are similar
in both acute and chronic inflammatory conditions, indicate
a change in iron homeostasis. During inflammation, iron is
transferred into macrophages, where it is incorporated into
the ferritin.84 Consequently, the anaemia of inflammatory
disease is characterized by low serum iron concentrations
despite increased storage iron. The iron transport protein
transferrin may be at the lower limit or below normal,
and transferrin saturation is frequently below the reference
range. The net effect of these changes is a low bioavailability of free iron for erythropoiesis.36 64 Functional iron
deficiency is a term used to describe the inability to incorporate iron into haemoglobin for normal red cell production,
often despite adequate body stores of iron.25 This can be
detected by measuring reduced reticulocyte haemoglobin
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concentration (CHR) or increased per cent hypochromic red
cells in peripheral blood using specialized flow cytometrybased analysers. The CHR is thought to indicate recent
functional iron deficiency by measuring iron concentration
in recently produced reticulocytes, whereas per cent hypochromic red cells is thought to reflect status over the lifespan
of all circulating cells (3–4 months).25 Using per cent hypochromic red cells, Bellamy and colleagues found that 35%
of patients have red cell indices consistent with functional
iron deficiency at ICU admission.7 54 Patients demonstrating
this feature had longer stays in intensive care compared with
patients without functional iron deficiency. They suggested
that this might be a marker of nutritional status or general
health, but it could also indicate an acute, incompletely
understood, response to acute inflammatory processes. It
is also uncertain whether changes in red cell shape,
which have been demonstrated during inflammation and
sepsis,55 alter these automated parameters.
Soluble transferrin receptor (sTFR) concentrations reflect
receptors shed into the circulation from the surface of red
cell precursors and can be measured using commercially
available assays. Increased circulating concentrations are
thought to indicate active erythropoiesis and are also a marker of iron deficiency.25 Circulating sTFR concentrations
are normal in anaemic critically ill patients.38 72 This is
against a high prevalence of significant true iron deficiency
during critical illness. However, normal levels could also be
attributable to marrow hypo-reactivity and inappropriately
low rates of new red cell production in response to anaemia.
In the anaemia of chronic disease pro-inflammatory
cytokines induce the production of hepcidin, a regulatory
hormone that inhibits intestinal absorption of iron.1 An
excellent review of current understanding of this and
other biological mechanisms for anaemia in chronic disease
has been published recently.84 The importance of this mechanism in acute critical illness is uncertain. There are no large
studies that examined the effect of iron therapy alone on
anaemia during critical illness, but in one small study daily
i.v. iron disaccharide therapy alone for 14 days did not
increase reticulocyte counts or have any beneficial effect
compared with the control group.72 Theoretical arguments
against iron therapy during severe illness have been made
with the suggestion that iron accumulation in immune cells
could impair host defences. The clinical significance of this
hypothesis is uncertain. Oral iron therapy is unlikely to be
efficacious in the critically ill and could contribute to constipation or other gastrointestinal complications. The risk to
benefit profile of i.v. iron is currently unknown.
In summary, changes in iron metabolism occur during
critical illness that resemble the pattern observed in patients
with the anaemia of chronic inflammatory diseases
(Table 5). Although total body iron is probably normal
it is less available for normal red cell production. The
interpretation of iron indices is difficult during critical
illness because inflammation induces changes to the normal
biochemical markers.

Table 5 Biochemical characteristics of anaemia in critically ill patients
Change

Comment

Serum iron

#

Similar to anaemia of chronic
disease

Total iron binding capacity
Serum iron/total iron
binding capacity ratio
Ferritin
Transferrin
Transferrin saturation
Soluble transferrin receptor
concentration
Per cent hypochromic
red cells
Vitamin B12 and folate
Erythropoietin concentration

#
#
"
#
#
N
N/"
N
N/slight "

’Positive’ acute phase protein
‘Negative’ acute phase protein
Increase thought to indicate iron
deficiency or new erythropoiesis
Indicative of functional iron
deficiency
Inappropriately low for degree
of anaemia, may be transiently
increased in acute renal failure

B12 and folate metabolism
There are few studies evaluating the prevalence of vitamin
B12 or folate deficiency in intensive care patients either on
admission or during prolonged illness. Rodriguez and colleagues62 found evidence of deficiency in only 2% of ICU
patients. The relation between these and other nutritional
deficiencies and anaemia are unknown. Based on available
evidence, these vitamins do not limit red cell production in
anaemic, critically ill patients.
Inappropriately low circulating erythropoietin
concentrations
The normal response to anaemia is to increase erythropoietin release from the kidneys. Appropriate values for circulating erythropoietin concentration have been established in
otherwise healthy patients with various degrees of anaemia5
and in various types of medical anaemia. Studies of endogenous erythropoietin concentrations in critically ill patients
have consistently shown inappropriately low erythropoietin
concentrations for the degree of anaemia.22 43 63 72 74 An
exception to this may be patients during the initial phase
of acute renal failure complicating critical illness, during
which a transient, marked elevation of circulating erythropoietin concentration occurs.22 After 48 h, circulating
concentrations among critically ill patients with and without
acute renal failure are similar, suggesting a response to acute
renal tubular injury.22 The blunted erythropoietin response
during critical illness could result from inhibition of the
erythropoietin gene by inflammatory cytokines.18 39
In summary, critical illness is associated with inappropriately low circulating levels of erythropoietin compared with
‘non-inflammatory’ causes of anaemia. As a result, red cell
precursors may lack appropriate stimulation.
Abnormal red blood cell maturation
Inflammatory cytokines such as tumour necrosis factor a,
interleukin-1 and interleukin-6 have been shown to directly
inhibit red cell formation.19 40 64 Elevated concentrations of
these cytokines are frequently present in the circulation of

283

Walsh and Saleh

critically ill patients, particularly those with inflammation,
sepsis or both. In addition, other circulating factors such
as interferon g have been shown to induce apoptosis of
erythroid precursors in experimental studies and could be
important during critical illness. These factors, together with
a relative deficiency of circulating erythropoietin and
decreased iron availability, may explain the poor erythroid
response that occurs in response to anaemia. Reticulocyte
counts are usually not increased in anaemic critically ill
patients unless stimulated by pharmacologic doses of erythropoietin, which also suggests a bone marrow hyporeactivity.62 72 A recent study, published only in abstract form, in
10 anaemic critically ill patients with sepsis examined bone
marrow samples and separated out bone marrow progenitors.12 These authors reported that erythroid precursors had
functional erythropoietin receptors, but found increased
apoptosis of this cell line in septic patients compared
with controls. Serum from septic patients decreased colony
formation of erythroid cells compared with controls, but,
interestingly, addition of erythropoietin was reported to partially reverse this effect.
In summary, inflammation inhibits normal erythrogenesis
and is a likely contributor to the anaemia of critical illness in
a similar way to the mechanisms recently described in
chronic inflammatory conditions (Fig. 2).84 It is currently
uncertain how long inappropriate erythrogenesis lasts or
what are the main factors that influence recovery among
survivors.

Summary of factors contributing to anaemia
during critical illness
Blood loss contributes to anaemia but is rarely the only
explanation for anaemia. During resuscitation with colloid
and crystalloid solutions haemodilution contributes to a
decreased haemoglobin concentration, but potentially
without altering red cell mass. A major factor resulting in

Pluripotential stem cells

IF-γ inhibits
and induces
apoptosis

TNF-α, IL-1,
and other
cytokines may
also inhibit
maturation

Erythroid burst forming
unit
Erythroid colony forming
unit

Erythropoietin
an essential
growth factor

Pro-erythroblasts
Erythroblasts

the development and persistence of anaemia is reduced new
red blood cell production. This appears to result from a
combination of inappropriately low circulating erythropoietin and hypo-reactive bone marrow.

Red cell function during critical illness
For effective oxygen transport to tissues, red cells need to
transit capillaries and release oxygen from haemoglobin. It
is known that endothelial cell activation occurs during sepsis
and inflammation and that disturbances to normal microvascular perfusion occur. Normal red blood cells have a greater
diameter (8 mm) than capillaries and therefore need to
deform to pass through them. The haemocrit within capillaries is substantially lower than in arterial or venous blood
(8%) as a result of the process of plasma skimming. Recent
data suggest that changes to red cell deformability and metabolism occur during critical illness, which could influence
oxygen transport (Table 6). A detailed review of red blood
cell rheology and how this may be altered specifically in
sepsis has been published recently.56

Red cell deformability
Normal red cells deform through processes that involve the
entire cell. The cell surface is rich in sialic acid residues
giving the cell surface a negative charge. Sialic acid residues
are attached to transmembrane glycophorin molecules.
These glycophorin molecules, together with other proteins
such as the Band 3 protein, interact with intracellular proteins including actin and spectrin. This complex structure
maintains red cell shape and deformability. These processes
are energy dependent and are also thought to be influenced
by nitric oxide, intracellular calcium and intracellular 2,3
diphosphoglycerate (2,3 DPG) concentrations.56
Red cell deformability has been measured using a number
of experimental techniques, mostly based on filterability or
cell shape changes during application of deforming forces.
Decreased red cell deformability has been demonstrated
using such techniques during sepsis,3 4 burns,6 ischaemiareperfusion injury,41 and haemorrhagic86 and cardiogenic
shock.42 It has been widely postulated that oxidant injury
to red cell membranes may account for these changes. In a
recent study, Piagnerelli and colleagues55 studied healthy
volunteers, septic and non-septic critically ill patients. The
authors measured circulating red cell membrane glycoTable 6 Summary of physiological changes that have been described in red
blood cells during critical illness

Reticulocytes
Erythrocytes
Fig 2 Schematic diagram showing stages in red blood cell maturation
from pluripotential stem cells and the sites of action of potential
inhibitors during critical illness.

Changes to red cell structure
Decrease in cell membrane sialic acid residues and glycophorin content
More spherical shape
Decrease in cell deformability
Changes to intracellular 2,3 diphosphoglycerate concentration
Decreased concentration during acidosis
Increased concentration during alkalosis
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phorin and surface sialic acid content, cell deformability
using a flow cytometry technique, and change in cell
shape in response to suspension in hypo-osmolar solution.
Using these techniques, the authors found that glycophorin
and sialic acid content were decreased in critically ill
patients, most notably in septic patients. The cells were
more spherical in critically ill patients, which correlated
with the decrease in sialic acid content. Cells in septic,
critically ill patients showed the least changes in response
to hypo-osmolar solutions, most likely because they had
already undergone an increase in sphericity. It is clear
from these findings that critical illness induces changes in
circulating red blood cell composition and shape, but it is
uncertain whether these have clinically important effects.

Oxygen unloading
The haemoglobin oxygen dissociation curve is altered by
pH, PaCO2 temperature and the red cell concentration of 2,3
DPG. Acidosis, hypercapnia, fever and an increase in intracellular 2,3 DPG concentration all cause right-shift of the
haemoglobin oxygen dissociation curve. This results in
increased oxygen unloading for a particular PaO2, which
favours oxygen release to ischaemic or highly metabolically
active tissues (Fig. 3).
Two recent studies have investigated red cell 2,3 DPG
concentration and the position of the oxygen dissociation
curve (assessed by calculating p50 values) in patients in
ICUs. Morgan and colleagues51 found a small decrease in
red cell 2,3 DPG and calculated p50 in 20 male ICU patients.
There was a weak inverse correlation between 2,3 DPG
concentration and the haemoglobin concentration. In a larger series of 111 mixed general ICU patients studied during
the first 24 h in the ICU, Saleh and colleagues found no
overall difference between critically ill patients and healthy
volunteers.21 The p50 values were similar overall to pub100
Oxyhaemoglobin (% saturation)

90

pH
DPG
Temp

80

pH
DPG
Temp

70
60
50
40
30
20
10
0

0

10

20

30

40 50 60
PO2 (mm Hg)

70

80

90

100

Fig 3 The haemoglobin oxygen dissociation curve and factors that
cause left- and right-shift.

lished normal values, although the range of both 2,3 DPG
and p50 values observed was wider for critically ill patients
than in healthy individuals. In this study no increase in
2,3 DPG was found in anaemic patients.
Both studies found that 2,3 DPG concentrations were
lower in acidaemic patients, and a multivariate regression
analysis performed by Saleh and colleagues found that
plasma pH was the factor strongly associated independently
with red cell 2,3 DPG concentration. The authors speculated
that this observation may be explained by a decreased activity of 2,3 DPG generating enzymes within red cells under
acidotic conditions, which has been shown in vitro.37 As
acidosis favours oxygen unloading, and decreased 2,3 DPG
impairs unloading, the true position of the dissociation curve
under these conditions is uncertain. It is possible that these
effects cancel, as was suggested by the normal p50 calculated for most patients. It is not known whether these
changes have clinically relevant adverse effects on oxygen
unloading. However, no association between lower 2,3 DPG
concentration and ICU mortality was observed.21

Management of anaemia
Reduction of red cell loss
There are no studies of strategies to decrease blood sampling
rates or volumes to reduce the prevalence or severity of
anaemia in critically ill patients or red cell transfusion
requirements. However, it has been shown that simple
interventions can decrease sampling volumes in intensive
care.53 67 Paradoxically, implementing evidence-based ICU
care, such as tight glycaemic control, could increase blood
sampling rates.

Transfusion triggers
The established method for managing anaemia in the ICU is
allogeneic red cell transfusion. The key question in deciding
how to use red cell transfusion in the ICU is identifying the
most appropriate transfusion trigger and the target haemoglobin range for each patient. Several concepts are useful in
deciding when to treat anaemia using allogeneic red cell
transfusion.
Critical haemoglobin concentration
The ‘critical haemoglobin concentration’ is usually defined
as the concentration below which oxygen consumption is
supply-dependent assuming normovolaemia is maintained.49 68 This is unlikely to be a fixed value, but varies
between organs and is dependent on the metabolic activity
of the tissue and oxygen extraction capabilities. Studies in
dogs, pigs and baboons60 71 have demonstrated this critical
Hb concentration in animal models to be around 4 g dl1.
A classic series of studies of acute normovolaemic
haemodilution in healthy volunteers and surgical patients
have attempted to define critical haemoglobin concentration
in humans.45 82 83 The first published studies focused on
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the cardiovascular and metabolic response to acute normovolaemic haemodilution.83 Aliquots of blood (450–900 ml)
were removed to reduce the individual’s haemoglobin concentration to 5 g dl1. Normovolaemia was maintained by
infusing 5% human albumin, autologous plasma or both
using central venous pressure guidance. At a haemoglobin
concentration of 5 g dl1, heart rate, stroke volume and
cardiac output were increased, and oxygen delivery was
reduced. There was no evidence of inadequate oxygenation
using global indices and the calculated oxygen consumption
increased slightly from a mean of 3.07 to 3.42 ml kg1
min1. Plasma lactate concentration did not change.
Subsequent studies did find some evidence suggestive of
organ-specific hypoxia. Continuous ECG ST-segment
analysis revealed that 3 of 55 healthy subjects developed
transient, reversible ST-segment depression at haemoglobin
concentrations of 5–7 g dl1,45 although the subjects were
asymptomatic and in two the changes may have been related
to high heart rates. A later study focusing on cognitive
function during acute normovolaemic haemodilution also
found that acute reduction of the haemoglobin concentration
to <6 g dl1 produced subtle, reversible increases in reaction time and impaired immediate and delayed memory,
which were not detectable at a haemoglobin concentration
of 7 g dl1.82
There is considerable clinical evidence from Jehovah’s
Witness patients that suggests that acute anaemia is well
tolerated under many circumstances. Many reports of clinical experiences with Jehovah’s Witnesses suggest that
mortality is only increased at very low haemoglobin
concentrations (<5 g dl1) and that survival is possible at
extremely low oxygen-carrying capacity (haemoglobin
concentration as low as 1.4 g dl1).9 33
In summary, these data suggest that the critical haemoglobin concentration below which true anaemic hypoxia
occurs is <4–5 g dl1 in most healthy individuals assuming
hypovolaemia is not present. This value may clearly be
altered by patient factors related to chronic and acute disease
in intensive care.
Acceptable haemoglobin concentration during
critical illness
An acceptable haemoglobin concentration is the degree of
anaemia that is the best balance between the risks of red cell
transfusion and the risks of low haemoglobin concentration.
There are two broad groups of evidence concerning the
acceptable haemoglobin concentration for critically ill
patients. The first is the TRICC trial29 and other large cohort
studies that have examined transfusion practice in critically
ill groups of patients. The second group includes studies that
examined the effect of transfusions on indices of tissue
hypoxia in critically ill patients. These studies have been
considered in detail in a recent review49 and are summarized
briefly here.
The TRICC trial and other recent large epidemiological
studies: This study showed that a restrictive transfusion

strategy is at least as effective as and possibly superior to
a liberal transfusion strategy in critically ill patients and
provides compelling evidence that a haemoglobin concentration in the 7–9 g dl1 range, using a trigger of 7 g dl1, is
well tolerated by most critically ill patients and has no
overall adverse effect on mortality.29 Among patients
aged <55 yr, and among the subgroup with admission
APACHE II score <20, there was a statistically significantly
better 30 day mortality among patients in the restrictive
group. The study was not powered for subgroup analyses,
but when these were carried out there was no statistically or
clinically important difference in ventilation times26 or
in mortality for patients with cardiovascular disease.32
Outcomes were also similar for the 203 patients admitted
with trauma.48
Effect of blood transfusions on indices of tissue hypoxia
during critical illness: Most epidemiological studies in
intensive care have primarily classified reasons for red
blood cell transfusion into haemorrhage or various other
categories. The other categories have usually indicated
the intention of the clinician to increase the haemoglobin
concentration in the absence of clinical bleeding. Categories
include descriptive terms such as ‘diminished/reduced
physiological reserve’, ‘altered tissue perfusion’, ‘tissue
hypoxia’ and ‘coronary disease’.11 15 24 73 These all indicate
a clinical concern that the patient either has or is at risk
for tissue hypoxia or organ-specific ischaemia. In these
studies such indications usually account for 40–80% of
the transfusion episodes.11 15 24 58 73
Many studies have assessed the effect of blood transfusions on indices of tissue hypoxia during critical illness.
Interpretation of these studies requires consideration of
factors that include (i) the baseline haemoglobin concentration, (ii) the index of tissue hypoxia studied and the change
considered significant, (iii) the method used to measure the
index of tissue hypoxia, its accuracy and confounding
factors (this is particularly true for global oxygen consumption measurement and for gastric tonometry indices) and
(iv) the nature of the blood product used (age of red cells
and leucodepletion status).
The published studies have been reviewed recently.35 47 49
Commonly used indices of tissue hypoxaemia on a ‘whole
body’ level are the oxygen consumption (VO2), plasma or
whole blood lactate concentration, mixed venous oxygen
saturation (SvO2) and mixed venous oxygen partial pressure
(PvO2). Regional indices include gastric tonometry derived
indices (pHi and ‘PCO2’ ‘gap’). For the most methodologically robust studies, there is little evidence that red blood
cell transfusion consistently improves clinical indices of
tissue hypoxia in the critically ill assuming baseline haemoglobin concentrations of >8 g dl1. Even transfusion with
very fresh red cells (storage age <5 days) did not improve
clinical indices of tissue hypoxia in euvolaemic critically ill
patients.78 These data show that although clinicians frequently transfuse because they are concerned about inadequate oxygen delivery to tissues, this does not usually
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result in measurable improvements using currently available
indices of tissue hypoxia. These data support the TRICC
study findings that a haemoglobin of 7–9 g dl1 is safe for
most critically ill patients.

Possible exceptions to the restrictive strategy
used in the TRICC trial
The patient with chronic ischaemic heart disease
The only published subgroup analysis for the TRICC trial in
which the survival lines were reversed in favour of a liberal
strategy, but with non-significant outcome difference, was
for patients with ischaemic heart disease at study entry.32
The evidence for the safest transfusion trigger for patients
with ischaemic heart disease is inadequate and of particular
concern to many clinicians.80 This subject has been recently
reviewed in detail.33 79 Retrospective cohort studies have
found associations between anaemia and excess mortality
among patients with non-acute coronary disease compared
with patients without coronary disease at haemoglobin
concentrations <9–10 g dl1.10 31 However, in the TRICC
trial the numbers of adverse cardiac events was actually
fewer in the restrictive group.29 Specifically, the number
of myocardial infarctions was smaller among the patients
managed with restrictive transfusion triggers, who were
more anaemic during their critical illness.
Most experts suggest that critically ill patients with
chronic ischaemic heart disease can be managed with a
transfusion trigger of 7–8 g dl1, and a target haemoglobin
of 7–9 g dl1, unless there is evidence of myocardial
ischaemia.
The patient with an acute coronary syndrome
The evidence is also contradictory for patients with acute
coronary syndromes. Wu and colleagues85 retrospectively
examined data for 78 974 patients aged >65 years admitted
with an acute myocardial infarction. They categorized
patients by their admission haematocrit value and observed
an association between anaemia at admission and higher
30 day mortality. Of the cohort, 4.7% of patients received
a blood transfusion. Patients had a lower 30 day mortality if
their admission haematocrit value was <33% and they had
received a transfusion. More recently, Rao and colleagues59
examined detailed prospectively collected data for
24 112 patients who were enrolled in three international
randomized trials in patients with acute coronary syndromes. Of these patients 2401 (10%) received at least
one transfusion during hospitalization. Using complex statistical approaches, which included adjustments for comorbidities and time from admission, the authors found
an increased risk for 30 day mortality among patients
who received a transfusion. When the authors explored
the importance of the lowest haemoglobin value in the
patients, there was no demonstrable benefit from transfusion
on mortality probability in their statistical model at

haematocrit values of 20–25% and at values above 30%
transfusion was associated with higher probability for
death. These data are confusing and illustrate the limitations
of cohort studies for addressing questions concerning
anaemia, blood transfusions and outcomes in clinical conditions for which many factors influence mortality.
There is an urgent need for prospective randomized trials
of transfusion strategy for patents with ischaemic heart
disease, particularly as up to 28% of general intensive
care populations may have cardiac disease at admission.80
Most experts appraising the available evidence suggest
that transfusion (of single red cell units) should be considered at haemoglobin values of <8 g dl1 with the aim of
achieving values of 9 g dl1 for most patients with severe or
acute ischaemic heart disease.28
Early severe sepsis
Goal-directed therapy during early severe sepsis improved
mortality in a well-performed single centre randomized
trial.61 The intervention algorithm used central venous oxygen saturation <70% as a trigger for interventions to increase
global oxygen delivery. Part of this algorithm was blood
transfusion to maintain a haematocrit >30% (haemoglobin
>10 g dl1), but it is unclear how important this component
was to improving mortality. The patients in the goaldirected therapy group received significantly more blood
transfusions and had a higher haemoglobin concentration.
Until further studies are performed, a target haemoglobin
concentration of 10 g dl1 (haematocrit 30%) should be
considered for patients during the early phase of severe
sepsis if the central venous oxygen saturation is <70%.
It is unclear how long a higher transfusion trigger should
be used for these patients. The treatment algorithm was
continued for 6 h in the randomized trial.

Risks from allogeneic blood transfusion
It is clear from the above description that for most clinical
situations the transfusion trigger for an individual patient
relies on clinical judgement between values of 7 and
9 g dl1. The decision to transfuse should therefore be
made with the risk profile, and benefits, in mind. Current
risks from red cell transfusion have been described in a
recent review.47 The importance of leucodepletion is
considered here because it has particular relevance to critical illness and the interpretation of the TRICC and recent
epidemiological studies.
During the TRICC trial, red blood cells were not routinely
leucodepleted in Canada. In most of Europe, Canada and
parts of the US all red cells are now leucodepleted prior to
storage. Most published studies of anaemia in critically ill
patients used exclusively or partly non-leucodepleted blood
products, which could have had an independent adverse
effect on outcomes in the study. Meta-analyses of published
studies of leucodepletion have conflicting results and it
remains uncertain what effect this has on mortality or
other relevant outcomes such as infection.69 70 A recent

287

Walsh and Saleh

before and after study performed in Canada around the
introduction of universal leucodepletion found a small
decrease in hospital mortality (<1%) among transfused
surgical and intensive care patients, which just reached
statistical significance and equated to a number needed to
treat of about 100.27 There was no reduction in serious
infections, although the incidence of fever decreased, as
would be expected after leucoreduction. This uncertainty
relating to the clinical importance of transfused leucocytes
in blood means that it is currently unknown whether the
results of published studies would be different with
leucodepleted red cells.

Erythropoietin therapy
The poor endogenous erythropoietin response to anaemia
found in critically ill patients makes exogenous administration a potential treatment. In critically ill patients with
multiple organ failure, recombinant human erythropoietin
therapy (rHuEPO) can stimulate erythropoiesis. A prospective trial randomized 160 critically ill patients to receive
rHuEPO or placebo.17 rHuEPO was given in a dose of
300 mg kg1 daily for 5 days and then on alternate days
for a minimum of 2 weeks, or until ICU discharge, and a
maximum of 6 weeks. The rHuEPO group was transfused
with a total of 166 units of red cells compared with 305 units
transfused to the placebo group. Despite receiving fewer red
cell transfusions, patients in the rHuEPO group had a
significantly greater increase in haematocrit. The same
investigators published a larger multicentre trial in which
1302 critically ill patients, who remained in the ICU for at
least 2 days, were randomized to receive rHuEPO or
placebo.16 rHuEPO was given in a dose of 40 000 units
once a week for up to 4 weeks, together with oral iron
therapy. The percentage of patients who received any red
cell transfusion during the 28 day study period was significantly lower in the rHuEPO group than in the placebo
group (50.5% vs 60.4%, P<0.001). This was despite similar
transfusion triggers for the two groups (mean haemoglobin
transfusion threshold 8.5 g dl1 in each group). Overall, the
erythropoietin group received 19% less red cell units during
the 28 day study period and the red cell transfusion rate per
day alive was lower in the intervention group [ratio between
the groups 0.81 (95% CI 0.79–0.83)]. Despite this the
increase in haemoglobin concentration from baseline was
greater in the erythropoietin group (1.32 vs 0.94 g dl1) over
the study period. Mortality was similar between the groups
(14% vs 15%). The reduction in the total number of red cell
units transfused and the increase in haemoglobin concentration were more modest in this study than the earlier trial.
These differences may be accounted for by the shorter
follow-up period and the smaller total dose of rHuEPO
used in the second trial.
There is little doubt that rHuEPO is effective as a bloodsparing therapy in critically ill patients, but it is an expensive
therapy and a key question is whether it is cost effective.

Central to this evaluation is the balance between the value
of avoiding transfusion and the possible risks of receiving
erythropoietin, neither of which are fully understood. In
order to assess this balance, high quality data concerning
the attributable risks of both blood transfusions and erythropoietin therapy are needed in critically ill patients. Other
than viral infection and transfusion errors, most data
concerning transfusion risks, such as pneumonia or other
infection, were generated from cohort studies of patients
receiving non-leucodepleted blood and could be misleading. Two published evaluations of erythropoietin
cost-effectiveness in the critically ill have contradictory
conclusions. MacLaren and Sullivan46 concluded that it
was cost effective against accepted parameters, but only
if assumptions that allogeneic blood transfusions cause
bacterial infections (common events in this population)
were true. In contrast, Shermock and colleagues66 mainly
considered viral infection, transfusion errors and Transfusion Associated Lung Injury (rare events in this population)
and found no evidence of cost-effectiveness.
Further work is needed to establish which patients are
most suitable for rHuEPO therapy, at what point in their
critical illness, and for how long. Based on the epidemiology
of ICU anaemia discussed earlier, the haemoglobin concentration at ICU admission, or the development of renal failure
and thrombocytopenia, could potentially be used as indications for rHuEPO. Further studies are needed to assess the
impact of rHuEPO in specific patient subgroups such as
these. At present rHuEPO is not licensed for use in critical
illness.

Conclusions and unanswered questions
Anaemia is one of the commonest complications of critical
illness. It results from many factors including haemodilution, blood sampling, haemorrhage, bone marrow
suppression and an inadequate erythropoietin response. Circulating red blood cells undergo changes in structure and
function during critical illness that alter their shape, deformability and intracellular 2,3 DPG concentrations. Despite
these factors anaemia is well tolerated by critically ill
patients and a haemoglobin of 7–9 g dl1 does not adversely
affect outcome in comparison with maintaining a value
>10 g dl1. The effectiveness of red blood cell transfusions
in patients with a haemoglobin concentration >7–8 g dl1
has not been proved either for outcome or for improving
tissue hypoxia. Transfusing stored allogeneic red cells could
be harmful under some circumstances. The reasons for this
are not clear, but more work is needed to determine whether
the red cell storage lesion, the storage age of red cells or both
are clinically important.50 75
It is uncertain whether specific subgroups of critically ill
patients benefit from higher haemoglobin concentrations.
Specifically, during early sepsis, a targeted high oxygen
delivery improves outcome, but it is unclear how important
the haemoglobin concentration, red cell transfusions or
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both are as components of this treatment or how long more
liberal use of blood transfusions is necessary.61 The
optimum haemoglobin concentration for patients with
ischaemic heart disease is uncertain and the conflicting
data in acute coronary syndromes illustrate the urgent
need for an adequately powered randomized trial. There
are very few data for patients with chronic respiratory disease, cerebrovascular disease or neurotrauma in whom
anaemia may be tolerated less well.
After the acute phase of critical illness, anaemia is common and may persist for many weeks in some patients. It is
not known whether anaemia delays recovery during this
period or whether interventions to treat it improve patient
outcomes such as fatigue, functional status and perceived
quality of life. There is an urgent need for more randomized
trials of the management of anaemia during various types of
critical illness. These studies are increasingly pertinent as
the cost of producing blood products escalates and the
potential donor pool is declining.
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