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ABSTRACT
Background: Intensive care unit (ICU) patients often need blood
transfusion, but no reliable predictors of transfusion requirements
are available at ICU admission. The authors hypothesized that ICU
patients with functional iron deficiency may be at higher risk for
developing anemia, requiring blood transfusion. Their objective was
to determine whether low reticulocyte hemoglobin content (CHr) was
associated with transfusion requirements in ICU patients.
Methods: This is a prospective cohort study in a general ICU. The
authors studied 62 patients, after excluding those transfused on or
before ICU admission. The authors recorded age, diagnosis, severity
score, presence of sepsis, ICU complications, ICU treatments, and
transfusion-free interval. Threshold for low CHr was 29 pg. The au-
thors also recorded ICU and hospital outcome. The statistical anal-
ysis included Cox proportional hazard function for transfusion.
Results: Twenty-three patients (37%) presented with low CHr on
ICU admission and tended to be sicker and more likely to have
sepsis than those with normal CHr. They were also more prone to
complications, particularly acute renal failure (39 vs. 13% P � 0.02)
and ICU-acquired infection (30 vs. 10% P � 0.04). The overall trans-
fusion rate was 22.6%, being higher in low-CHr patients than in
normal-CHr patients (39.1 vs. 12.8%, P � 0.02). After adjusting for
severity of illness, age, trauma, and hemoglobin level, low CHr re-
mained significantly associated with transfusion, with a hazard ratio
of 3.6 (95% CI, 1.2–10.7; P � 0.02). Median ICU stay was also
longer in patients with low CHr (8 vs. 5 days, P � 0.01). Differences
in mortality did not reach statistical significance.

Conclusion: Low CHr is common at ICU admission and is associ-
ated with higher transfusion requirements.

INTENSIVE care unit (ICU) patients often receive blood
transfusions. A descriptive analysis of adult ICUs in the

United States found that approximately 3,500 transfusions
are given to ICU patients daily.1,2 A large epidemiologic
study in European ICUs validated the common occurrence
of anemia in critically ill patients and reported that lower
hemoglobin levels were associated with longer ICU stay and
greater in-hospital mortality.3 Furthermore, this study re-
ported that 73% of patients with ICU stay more than 7 days
received a blood transfusion, even though transfusion was
indicated only in patients with hemoglobin less than 8.4 g/dl.
Two different approaches to avoid the risks of secondary
anemia and the potentially deleterious effects of transfusions
have been studied: preemptive treatments (mostly iron, fo-
lates, and erythropoietin) and prediction of ICU patients
with higher likelihood of developing secondary anemia. The
preventive treatment of wide ICU populations proved effec-
tive in replenishing body stores or accelerating erythropoie-
sis, but it failed to improve relevant clinical outcomes.4,5

Aiming to tailor treatments more closely to patients’ needs,
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What We Already Know about This Topic

❖ Anemia occurs commonly in patients in the intensive care unit
(ICU), yet simple tests to determine risk for anemia and trans-
fusion are not available

❖ Reticulocyte hemoglobin content (CHr) has been suggested
as a measure of functional iron deficiency and might serve as
such a test

What This Article Tells Us That Is New

❖ In 62 ICU patients, low CHr was common and was associated
with higher transfusion requirements
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Milbrandt et al.6 tried to determine the predictors of late
anemia. They developed a model with five variables on ad-
mission (abnormal lactate, surgical patient, nonemergent
surgery, inotropic support, and hemoglobin deficit) that suc-
ceeded in discriminating patients who would develop late
anemia but failed to predict the need for transfusion. Fur-
thermore, these clinical scores were unable to demonstrate
the pathophysiology of the anemia and, thus, precluded the
choice of a suitable preemptive treatment.

Iron deficiency is a common cause of anemia in outpa-
tients and inpatients, but in ICU patients, the classic diag-
nosis of iron deficiency is blunted by the inflammatory status
induced by most critical illnesses. Moreover, ICU patients
commonly exhibit “metabolic iron deficiency,” which refers
to a decrease in the amount of iron available for metabolic
processes. This is a problem of supply and demand, rather
than of total body iron deficiency.7 A common cause of
metabolic iron deficiency is known as reticuloendothelial
blockade, which usually occurs in the setting of acute or
chronic inflammation, when stored iron is not released for
transferring. The administration of erythropoietin may even
exacerbate metabolic iron deficiency because of the lack of
iron available for erythrocyte production. At present, no sin-
gle test is invariably accurate when compared with the gold
standard of stained bone marrow smears. Erythrocyte zinc
protoporphyrin and serum transferrin assays are often not
routinely available or, alternatively, may require secondary
laboratory analysis.7

Reticulocyte hemoglobin content (CHr) was recently re-
ported to be a fast method for diagnosing “functional” iron
deficiency because of either lack of iron or lack of available
iron for metabolic activity. Its diagnostic accuracy was
slightly better than those of ferritin, transferrin saturation, or
mean cellular volume.8 Moreover, CHr proved a good pre-
dictor of the response to intravenous iron in chronic hemo-
dialysis patients who were receiving erythrocyte-stimulating
agents.9 Currently, the prevalence of this so-called functional
iron deficiency in critically ill patients is unknown.

Our hypothesis was that ICU patients with functional
iron deficiency may be at a higher risk for developing anemia
requiring blood transfusion. Our objective was to determine
the prevalence of low CHr in ICU patients on admission and
to determine whether it is associated with ICU transfusion
requirements.

Materials and Methods

We screened all patients on admission to our 16-bed general
ICU in a 2-month period (April to May 2007). Exclusion
criterion were as follows: need for transfusion on or before
ICU admission, previous treatment with intravenous iron,
thalassemia, macrocytic anemia, transfer to another hospital,
moribund state, orders to withhold transfusion, and antici-
pated ICU stay less than 48 h. Informed consent was waived
by the Institutional Research Committee (Sabadell, Barce-
lona, Spain) because of the noninterventional design of the

study. In our institution, intravenous iron is used only to
treat symptomatic iron deficient anemia in the ward. Intra-
venous iron administration is extremely uncommon in the
ICU because packed erythrocytes, always leukodepleted in
our country, are routinely indicated for anemia in critically ill
patients. The protocol for transfusion in our ICU uses re-
strictive criteria: stable patients are transfused only when he-
moglobin reaches 7 g/dl, whereas patients in septic shock or
with acute cardiac conditions are transfused when hemoglo-
bin reaches 9 g/dl.10

At ICU admission, we recorded age, diagnosis, severity
score (Simplified Acute Physiologic Score 3), and its associ-
ated risk of mortality, diagnosis of sepsis (Surviving Sepsis
Campaign criteria11), reticulocyte count, and CHr. During
the ICU stay, we recorded specific ICU treatments (tracheal
intubation, mechanical ventilation, tracheotomy, dialysis,
vasoactive drugs, thermodilution catheter, parenteral nutri-
tion, pacemaker placement, and interventional radiology
procedures) and transfusion-free interval. We also recorded
ICU complications (acquired infections, barotrauma, rein-
tubation, and acute renal failure) and the length of ICU stay,
and ICU and hospital outcome.

CHr was measured using the reticulocyte channel of the
Sysmex XE-2100 Automated Hematology Analyzer (TOA
Medical Electronics, Kobe, Japan). We measured CHr in the
first blood sampled on arrival at the ICU, and CHr less than
29 pg was considered functional iron deficiency.8 Moreover,
to avoid interferences with standard clinical treatment, these
data were not available to attending physicians.

Statistics
Sample size calculation: no specific sample size was necessary
for the descriptive analysis of the prevalence of functional
iron deficiency. To determine the association between low
CHr and transfusion requirements, we estimated that 30–
40% of patients would need transfusion and that 20–40%
would have low CHr at ICU admission. Thus, for a power of
80%, a 0.05 �-error, and a two-tailed hypothesis of a differ-
ence greater than 20% in transfusion rate, the required sam-
ple size ranged from 30 to 54 patients. We decided to study
62 patients to allow for a 10% loss during the study.

Because of the small sample, we used nonparametric tests
to describe (median, 25 and 75 percentiles) and compare
(Fisher exact test and Kruskal-Wallis test) variables, with
significance set at 0.05. Analysis was performed using Epi-
Info 3.5 software (Centre for Disease Control, Atlanta, GA).

Variables associated with transfusion in the univariate
analysis at P � 0.1 were included in a Cox proportional
hazard function for transfusion. Proportional hazards models
are a subclass of survival models in statistics, in which the
effect of a treatment under study has a multiplicative effect
on the subject’s hazard rate.

Results
In the study period, 75 patients were admitted; 13 were
excluded because of less than 48-h ICU stay, and 62 were
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included in the study. At ICU admission, 23 (37%) had low
CHr; we observed a trend toward a greater likelihood of
having sepsis and toward a higher risk of mortality based
on Simplified Acute Physiologic Score 3 in patients with
low CHr. Conversely, trauma patients were less likely to
have low CHr. Because of the exclusion criteria, no pa-
tients were overtly anemic on inclusion in the study (table
1). During the study period, no patients received intrave-
nous iron or erythropoietin.

Table 2 depicts the intensity of ICU treatment needed by
patients according to their iron status at ICU admission and,
thus, describes the case mix of the cohort. More patients with
low CHr received vasoactive drugs (69.6 vs. 33.3%), central
venous catheter (91.3 vs. 56.4%), and arterial catheter (70.6
vs. 38.5%) in comparison with those with normal CHr.

Table 3 shows the outcome of patients according to their
iron status at ICU admission. Patients with low CHr were
more prone to major ICU complications such as acute renal
failure (39 vs. 13%, P � 0.02) and ICU-acquired infection
(30 vs. 10%, P � 0.04), and they stayed in the ICU longer (8
vs. 5 days, P � 0.01). Differences in hospital mortality (30 vs.
23%) did not reach statistical significance and closely fol-

lowed the predicted Simplified Acute Physiologic Score 3
mortality risk at ICU admission.

The overall rate of erythrocyte transfusion during the ICU
stay was 22.6%, but this rate was much higher in patients with
low CHr than in those with normal CHr (39.1 vs. 12.8%, P �
0.02). After adjusting for clinically significant variables on ICU
admission (severity of illness, age, trauma, and hemoglobin
level), low CHr remained significantly associated with transfu-
sion, with a hazard ratio of 3.6 (95% CI, 1.2–10.7, P � 0.02),
as shown in figure 1. The accuracy of low CHr for predicting the
need for transfusion showed a positive predictive value of 40%
(20–60%), a negative predictive value of 87% (77–98%), a
positive likelihood ratio of 2.2, and a negative likelihood ratio of
0.5. A separate analysis after excluding septic patients did not
substantially modify these values.

The median time to transfusion tended to be slightly
shorter in patients with low CHr (9 vs. 12 days, P � 0.8).
There were no differences in the number of packed erythro-
cyte units administered during the first transfusion in the two
groups (1.9 units in low CHr patients vs. 2.2 units in normal
CHr patients, P � 0.9) or in the hemoglobin level before
transfusion (6.7 �6.3–7.1� g/dl in low CHr patients vs. 7.05

Table 1. Descriptive �Mean � SD, or Median (95% CI)� Patients’ Characteristics at ICU Admission

Low CHr (n � 23) Normal CHr (n � 39) P Value

Age, yr 66.1 � 17.4 61.1 � 17.1 0.2
Female 6 (26.1%) 14 (35.9%) 0.3
Trauma 1 (4.5%) 6 (15.8%) 0.08
Acute coronary syndrome 4 (17%) 8 (20%) 0.5
Clinical bleeding 3 (13%) 4 (10%) 0.5
Surgery before ICU admission 4 (17%) 4 (10%) 0.3
Surgery during ICU stay 1 (4%) 4 (10%) 0.3
Cancer 2 (9.1%) 4 (11.1%) 0.6
Sepsis 12 (52.2%) 13 (33.3%) 0.1
Hemoglobin on admission, g/dl 12.2 (10.3–13.5) 13.0 (11.2–14.9) 0.1
Reticulocytes, �10�9/l 47 (38–69) 68 (42–90) 0.07
SAPS3 risk of death, % 40 (11–61) 29 (7–45) 0.1

CHr � reticulocyte hemoglobin content; CI � confidence interval; ICU � intensive care unit; SAPS3 � Simplified Acute Physiologic
Score 3.

Table 2. Descriptive �Median (95% CI)� Process-of-Care Variables during Intensive Care Unit Stay

Low CHr (n � 23) Normal CHr (n � 39) P Value

Central venous catheter 21 (91%) 22 (56%) 0.003
Vasoactive drugs 16 (70%) 13 (33%) 0.006
Erythrocytes transfusion 9 (39%) 5 (13%) 0.02
Platelets transfusion 1 (4%) 1 (3%) 0.6
Fresh frozen plasma transfusion 2 (9%) 4 (10%) 0.6
Pretransfusion hemoglobin, g/dl 6.7 (6.3–7.1) 7.05 (6.8–7.2) 0.9
Interventional radiology 5 (22%) 1 (3%) 0.02
Arterial catheter 12 (71%) 10 (38%) 0.04
Mechanical ventilation � 96 h 10 (43%) 8 (21%) 0.06
Thermodilution catheter 5 (22%) 3 (8%) 0.1
Tracheal intubation 14 (61%) 18 (46%) 0.1
Dialysis 4 (17%) 3 (8%) 0.2
Tracheostomy 2 (9%) 1 (3%) 0.3
Parenteral nutrition 2 (9%) 4 (10%) 0.6

CHr � reticulocyte hemoglobin content; CI � confidence interval.
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�6.8–7.2� g/dl in normal CHr patients, P � 0.9). Mortality
was significantly higher in transfused patients than in non-
transfused patients, both during the ICU stay (50 vs. 10.4%,
P � 0.003) and during the entire hospital stay (57.1 vs.
16.5%, P � 0.005).

Discussion
Our study adds to the evidence that functional iron deficiency is
very common in patients admitted to the ICU. Moreover, we
found that low CHr is strongly associated with higher transfu-
sion requirements. Therefore, critically ill patients with low
CHr seem to be suitable subjects for future studies to determine
whether early treatment with intravenous iron after ICU admis-
sion can reduce transfusion requirements.

Efforts to improve the outcome of critically ill patients by
reducing the need for transfusion have focused on different
aspects of critical care. First, the amount of blood extracted
for laboratory analysis has been minimized through the wide-
spread use of (1) noninvasive monitoring tools, such as pulse
oximeters, capnographs, and continuous venous saturation
catheters, which reduce the number of blood samples ac-
quired daily, (2) new analyzers that provide reliable results
with smaller amounts of blood, and (3) blood-sparing de-
vices that reinfuse part of the blood withdrawn from indwell-
ing catheters. A second approach consists of lowering the
threshold for transfusion; this method gained extraordinary
acceptance after Hébert et al.12 showed that most ICU pa-
tients with hemoglobin levels as low as 7 g/dl can forgo
transfusion without detectable side effects.

A third approach to reducing the need for transfusion is the
preemptive treatment of critically ill patients with bone mar-
row–stimulating agents. The most commonly studied line is the
erythropoietin-stimulating proteins. Preliminary trials were
promising, but a recent meta-analysis concluded that the real
efficiency of erythropoietin was lower than was previously
thought.13 Although, compared with a placebo, erythropoietin
significantly reduced the odds of a patient receiving at least 1
transfusion (odds ratio 0.73), most of the studies included were
performed before the widespread adoption of the restrictive
transfusion strategy. Finally, the most recent study published
found that the use of epoetin alpha not only failed to reduce the
rate of erythrocyte transfusion among critically ill patients but

Table 3. Descriptive �Median (95% CI)� Outcome
Variables

Low CHr
(n � 23)

Normal
CHr (n � 39)

P
Value

Reintubation 4 (17.4%) 1 (2.6%) 0.06
Acute renal failure 9 (39.1%) 5 (12.8%) 0.02
ICU-acquired infection 7 (30.4%) 4 (10.3%) 0.04
Length of ICU stay, d 8 (4–20) 5 (3–7) 0.01
ICU mortality 5 (21.7%) 7 (17.9%) 0.5
Hospital mortality 7 (30.4%) 9 (23.1%) 0.4

CHr � reticulocyte hemoglobin content; CI � confidence interval;
ICU � intensive care unit.

Fig. 1. Time to transfusion in the groups of patients with low and normal reticulocyte hemoglobin content (CHr).
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was also associated with an increase in the incidence of throm-
botic events.5 Therefore, this option remains restricted to re-
search scenarios.14

Although iron replacement is invaluable in the outpa-
tient treatment of iron deficiency anemia, the effect of
iron supplementation on morbidity and mortality in crit-
ically ill patients with functional iron deficiency has not
been studied thoroughly. Again, the inflammatory re-
sponse associated with critical illness may limit the
amount of supplemental iron ultimately available for
erythropoiesis. The use of iron replacement therapy in
critical illness has also been questioned because of the
possible link between iron and infection, but recent ret-
rospective studies observed no relationship between the
parenteral iron replacement therapy and the likelihood of
infection.15 Our separate analysis of patients without sep-
sis on admission yielded comparable results in terms of the
ability of CHr to detect patients with a higher likelihood
of needing a transfusion; thus, a conservative approach to
avoid the harmful effects of iron in infected patients might
be a starting point for future studies of preemptive treat-
ment with intravenous iron.

Patient selection can improve the signal-to-noise ratio in
preemptive treatments. By using this approach, Milbrandt et
al.6 designed a model with high positive predictive power for
the development of anemia, although it is less accurate for
predicting the need for transfusion. Our data suggest that a
single parameter obtained at ICU admission, CHr, can
clearly separate patients with a higher likelihood of needing a
transfusion from those with a lower likelihood. In addition,
these “functionally” iron deficient patients might conceiv-
ably be a suitable target for preemptive treatment options
such as intravenous iron therapy. In this line, Kim et al.9

described low CHr as a good predictor of the response to
intravenous iron in chronic hemodialysis patients.

Limitations of the Study
Although the sample was large enough to demonstrate
differences in the prevalence of transfusion, our study is
underpowered to reach conclusions about clinically im-
portant outcomes, such as ICU length of stay, morbidity,
or mortality. Sample size also precluded the possibility of
studying whether the need for transfusion correlated with
low bone marrow capacity or intercurrent events during
the ICU stay. Moreover, our small sample made it impos-
sible for us to clarify whether low CHr was the cause of
transfusion requirements or a marker of severity associ-
ated with longer ICU stay. Adherence to transfusion
guidelines was good in terms of hemoglobin trigger for
transfusion, but somewhat lower for the amount of trans-
fused units. Case mix is always an issue in single-center
studies, but our levels of severity, length of stay, and mortal-
ity suggest a case mix that is easily applicable to most ICUs.

We conclude that low CHr is common at ICU admission,
and it is associated with higher transfusion requirements.
Whether low CHr is a marker of severity or a modifiable
factor remains to be elucidated.

The authors thank Albert Altes, M.D. (Hematology Department, Fun-
dacio Althaia, Manresa, Spain), for his critical insights on the article.
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