
   

Nutrición Hospitalaria

ISSN: 0212-1611

info@nutriciónhospitalaria.com

Grupo Aula Médica

España

Muñoz, M.; Romero, A.; Morales, M.; Campos, A.; García-Erce, J. A.; Ramírez, G.

Iron metabolism, inflammation and anemia in critically ill patients. A cross-sectional study

Nutrición Hospitalaria, vol. 20, núm. 2, marzo-abril, 2005, pp. 115-120

Grupo Aula Médica

Madrid, España

Available in: http://www.redalyc.org/articulo.oa?id=309226201007

   How to cite

   Complete issue

   More information about this article

   Journal's homepage in redalyc.org

Scientific Information System

Network of Scientific Journals from Latin America, the Caribbean, Spain and Portugal

Non-profit academic project, developed under the open access initiative

http://www.redalyc.org/revista.oa?id=3092
http://www.redalyc.org/articulo.oa?id=309226201007
http://www.redalyc.org/comocitar.oa?id=309226201007
http://www.redalyc.org/fasciculo.oa?id=3092&numero=26201
http://www.redalyc.org/articulo.oa?id=309226201007
http://www.redalyc.org/revista.oa?id=3092
http://www.redalyc.org


115

Abstract

Introduction: For critically patients, enteral immu-
nonutrition results in notable reductions in infections
and in length of stay in hospital, but not on mortality,
raising the question as to whether this relate to the he-
terogeneous nature of critically ill patients or to the ab-
sence of the altered absorption of specific nutrients
within the immunonutrient mix (e.g. iron). Immune-as-
sociated functional iron deficiency (FID) is not only one
of the many causes or anaemia in the critically ill, but
also a cause of inappropriate immune response, leading
to a longer duration of episodes of systemic inflamma-
tory response syndrome and poor outcome.

Objective: This prospective cross-sectional study was
undertaken to assess the prevalence of FID in critically
ill patients during their stay in intensive care (ICU) in
order to find the more appropriate population of pa-
tients that can benefit from iron therapy.

Method: Full blood cell counts, including reticulocy-
tes (RETIC), serum iron (SI), transferring levels (TRF)
and saturation (satTRF), serum TFR receptor (sTfR),
ferritin (FRT) and C-reactive protein (CRP) were mea-
sured in venous blood samples from 131 random pa-
tients admitted to the ICU for at least 24 h (Length of
ICU stay, LIS; min: 1 day; max: 38 days).

Results: Anaemia (Hb < 12 g/dL) was present in 76%
of the patients (Hb < 10 g/dL in 33%), hypoferremia
(SI < 45 µg/dl) in 69%; satTRF < 20% in 53%; FRT <
100 ng/mL in 23%; sTfR > 2.3 mg/dL in 13%; and CRP
> 0.5 mg/dL in 88%. Statistically significant correla-
tions (r of Pearson; *p < 0.05, **p < 0.01) were obtained
for serum CRP levels and WBC**, Hb*, TRF**,
satTRF*, and FRT**. There was also a strong correla-
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METABOLISMO DEL HIERRO,
INFLAMACIÓN Y ANEMIA EN PACIENTES

EN ESTADO CRÍTICO. UN ESTUDIO
TRANSVERSAL

Resumen

Introducción: En los pacientes críticos, la inmuno-nu-
trición por vía enteral disminuye significativamente la
tasa de infecciones y la estancia hospitalaria, pero no la
mortalidad, por lo que se plantea la cuestión de sí esto es
debido a la heterogeneidad de los pacientes críticos o a la
ausencia o la absorción deficitaria de un nutriente espe-
cífico en la mezcla administrada (p.e., hierro). La defi-
ciencia funcional de hierro (DFH) causada por la infla-
mación no es sólo una de las causas de anemia en el
paciente crítico, sino que también induce una respuesta
inapropiada del sistema inmunitario, lo que origina una
mayor duración de los episodios de respuesta inflamato-
ria sistémica y un peor pronóstico.

Objetivo: Este estudio transversal prospectivo se inició
para evaluar la prevalencia de DFH en pacientes críticos
durante su estancia en la UCI, y determinar la población
de pacientes que podrían beneficiarse de la administra-
ción de hierro.

Métodos: Se realizaron recuentos hematológicos com-
pletos, incluyendo reticulocitos (RETIC), y determina-
ción de los niveles séricos de hierro (SI), transferrina
(TRF) y porcentaje de saturación (satTRF), receptor so-
luble de TFR (sTfR), ferritina (FRT) y proteína C-reac-
tiva (CRP) en muestras de sangre venosa de 131 pacien-
tes ingresados en UCI durante al menos 24 horas
(estancia en UCI, min: 1 día; max: 38 días).

Resultados: Se detectó la presencia de anemia (Hb <
12 g/dL) en el 76% de los pacientes (Hb < 10 g/dL en el
33%), de hiposideremia (SI < 45 µg/dL) en el 69%; una
satTRF < 20% en el 53%; una FRT < 100 ng/mL en el
23%; un nivel de sTfR > 2,3 mg/dL en el 13%; y de CRP
< 0,5 mg/dL en el 88%. Se obtuvieron correlaciones sig-
nificativas (r de Pearson; *p < 0,05, **p < 0,01) entre los
niveles de CRP y los de WBC**, Hb*, TRF**, satTRF*,
y FRT**. Hubo también una fuerte correlación entre
TRF y FRT (-0,650**), pero no entre FRT y satTRF o
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Introduction

The potential to modulate the activity of the immune
system by interventions with specific nutrients is ter-
med immunonutrition, which has three potential tar-
gets, namely the mucosal barrier function, the cellular
defence, and the local or systemic inflammation. This
concept may be applied to any situation in which an al-
tered supply of nutrients is used to modify inflamma-
tory or immune responses. However, immunonutrition
has become associated most closely with attempts to
improve the clinical course of critically ill and surgical
patients, who will often requiere an exogenous supply
of nutrients through the parenteral or enteral routes1.

Four meta-analyses give a fairly consistent view of
the clinical efficacy of enteral immunonutrition2-5. All
four considered only randomised controlled trials in
either surgical or critically ill patients and found that
immunonutrition results in notable reductions in infec-
tions and in length of stay in hospital, but not on mor-
tality. In general, the reduced infection rate and length
of hospital stay are more pronounced in surgical than
critically ill patients, and the reasons for these differen-
ces need to be investigated further in order to address
whether these relate to the heterogeneous nature of cri-
tically ill patients or to the presence or absence of spe-
cific nutrients within the immunonutrient mix.

Critically ill patients are at greater risk of adverse
outcomes than surgical patients. A biphasic response
with an early hyperinflammatory response followed
by an excessive compensatory response associated
with immunosuppression is seen in many such pa-
tients. Therefore, early treatment needs to focus on de-
creasing the inflammatory response and prevent the
compensatory immunosuppression.

Functional iron deficiency (FID) is a condition in
which there is a decrease in iron available for metabo-

lic processes and critically ill patients may develop
FID in response to immune activation6. At laboratory
level, FID is characterized by serum transferring satu-
ration < 20%, serum ferritin < 100 ng/l, hypochronic
red cells > 5%, or reticulocytes with low Hb content
(CHr < 28 pg), in the presence of increased concentra-
tion of an inflammatory marker (e.g., C-reactive pro-
tein > 0.5 mg/dL)7. Research in animals and human
beings has suggested that adequate iron scores are im-
portant not only for erythropoiesis but also for immu-
ne function and a deficiency may, therefore, predict
patients with inappropriate immune responses8.

To this regard, Bellamy et al.9 found that duration of
episodes of systemic inflammatory response syndrome
and duration of stays at the intensive care unit were lon-
ger in critically ill patients with FID compared with pa-
tients without FID. This FID status can not be corrected
by oral iron, since intestinal iron absorption is decrea-
sed in the presence of normal iron stores6. However, in
a recent study, the administration of iron sucrose, alone
or in combination with EPO, effectively reduced the re-
quirements for allogeneic blood transfusion, and resul-
ted in an amelioration of systemic inflammatory res-
ponse and a reduction in mortality rate10.

Hence, functional iron status may be a marker of
nutritional status or general health. Accordingly, this
stud was initiated to determine the prevalence of FID
in critically ill patients during their stay in intensive
care in order to find the more appropriate population
of patients that can benefit from iron therapy.

Material and methods

Study design

In this prospective cross-sectional observational
study, we included adult medical or surgical patients ad-

tion between TRF and FRT (-0.650**), but not between
FRT and satTRF or SI. LIS correlated with Hb*,
CRP**, TRF*, satTRF* and FRT**. 

Conclusion: A large proportion of critically ill pa-
tients admitted to the ICU presented the typical func-
tional iron deficiency (FID) of acute inflammation-rela-
ted anaemia (AIRA). This FID correlates with the
inflammatory status and the length of stay at the ICU.
However, 21% of the ICU patients with AIRA had an
associated real iron deficiency (satTRF < 20; FRT < 100
and sTfR > 2,3). Since oral supplementation of iron se-
ems to be ineffective, all these patients might benefit of
iv iron therapy for correction of real or functional iron
deficiency, which in turn might help to ameliorate their
inflammatory status.

(Nutr Hosp 2005, 20:115-120)

Key words: Enteral route. Anemia. Iron. Inflammatory
status.

SI. La estancia en UCI se correlacionó con Hb*, CRP**,
TRF*, satTRF*, y FRT**.

Conclusiones: Una gran parte de los pacientes críticos
ingresados en la UCI presentan el DFH típico de la ane-
ma relacionada con los episodios agudos (AREA). Este
DFH se correlaciona con el estado inflamatorio y la du-
ración de la estancia en UCI. Sin embargo, el 21% de los
pacientes en UCI con AREA presentan además un défi-
cit real de hierro (satTRF < 20; FRT < 100, and sTfR >
2,3). Dado que el tratamiento con hierro oral parece ser
inefectivo, estos pacientes podrían beneficiarse de la te-
rapia con hierro intravenoso para la corrección de su de-
ficiencia real o funcional de hierro, lo que a su vez po-
dría contribuir a una disminución de su estado
inflamatorio.

(Nutr Hosp 2005, 20:115-120)

Palabras clave: Vía enteral. Anemia. Hierro. Estado in-
flamatorio.



mitted to the general intensive care unit (ICU) of a ter-
tiary referral teaching hospital over 3 months. Patient’s
enrolment was perform every Monday, and only those
patients with a ICU stay longer than 24 h were included
(Length of ICU stay, LIS; min: 1 day; max: 38 days).

Blood samples

Venous blood samples for determination of haemati-
metric parameters were drawn in K

2
-EDTA (3 mL; Ve-

noJet II, Terumo, Belgium), whereas those for determi-
nation of biochemical parameters were drawn in serum
separator (4 mL; Sepacell, VenoJet II, Terumo, Bel-
gium). All samples were collected at the laboratory, af-
ter daily routine analyses had been performed, and no
extra blood samples were taken from any patient.

Laboratory parameters

Full blood cell counts, including reticulocytes (RE-
TIC) (Pentra 120 Retic, ABX, France). Serum iron
(SI, µg/dL), transferrin levels (TRF, mgdL) and satu-
ration (satTRF, %) (Cobas Integra, Roche, Germany),
ferritin (FRT, ng/mL), serum transferring receptor
(sTfR, mg/dL) and C-reactive protein (CRP, mg/dL)
(Image, Beckman-Coulter, USA) were measured in
venous blood samples. Corrected RETIC counts for
the degree of anaemia (reticulocyte index, RI) was
calculated according to the expression: RI = % RETIC
× (observed Htc/normal Htc) × 0.511.

Statistical analysis

All data are shown as the mean ± standard deviation
(n) and an unpaired Student t test was used for compa-
rison of means. We used the test r of Pearson to corre-
late values. All statistics were performed using Micro-
soft Excel 2000 and SPSS 11.0 packages (Licensed to
the University of Málaga, Spain). A P value < 0.05
was considered statistically significant.

Results

Demographic and baseline characteristics of 
patients

A total of 131 patients were included in this observa-
tional cross-sectional study. Haematological and bio-
chemical parameters were measured once by rescuing
blood samples drawn for routine analyses. LIS at the
moment of blood sample procurement varied between 1
and 38 days, with the following distribution: 57 (43.5%)
out 131 were in the ICU for up to 3 days (Group A), 35
(26.7%) between 4 and 7 days (Group B), and 39
(29.9%) 8 days or more (Group C). Since patient enrol-

ment were performed every Monday, we paid especial
attention to avoid duplicate patient inclusion.

Mean age for the sample was 56 ± 17 years (range,
35-91 years). The majority of the patients were men
(76%). Among surgical patients (50/131, 38%), the
more frequently performed procedure was coronary
artery bypass grafting, whereas sepsis and chronic
obstructive pulmonary disease were the more frequent
diagnostics among medical patients (81/131, 62%).

Haematologic parameters

Mean values, ranges, and 95% CI of full blood
count are summarised in table I. One hundred (76.3%)
out of 131 patients were anaemic (Hb < 12 g/dL), with
43 (32.8%) presenting Hb levels below 10 g/dL. Ho-
wever, most of them presented normal MCV. RETIC
counts were between 0.52 and 6.72%, with inadequate
RETIC corrected counts in many cases. WBC counts
were elevated in 75 (57%) with neutrophilia in 65
(50%), whereas 16 (12%) presented lymphocyte count
below 800/µL (lymphopenia). Mean values of haema-
tologic data after patient stratification according to
LIS are summarised in table III.

Iron metabolism and inflammatory status

Iron metabolism status was assessed by measuring
SI, TRF, satTRT, sTfR, and FTR (table II). Hypoferrae-
mia (SI < 45 µg/dL) was observed in 90 (68.7%),
satTRF < 20% in 69 (52.6%), sTfR > 1.9 mg/dL in 23
(17.6%) and > 2.3 in 17 (13%), FTR < 100 ng/mL in 30
(22.9%). The patient’s inflammatory status was asses-
sed by measuring serum levels of CRP (table II), which
was found to be above the upper limit of normality (0.5
mg/dL) in 116 (88.1%) patients. Additional informa-
tion was provided by WBC counts (table I) and TFR
and FRT levels (table II). Mean values of iron metabo-
lism parameters and CRP levels after patients stratifica-
tion according to LIS are summarised in table III.
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Table I
Haematologic characteristics of 131 ICU patients

Mean ± SD Range 95% IC

Hemoglobin (g/dL) 10.9 ±1.7 7.3-16.9 10.6-11.2
RBC (x 106/µL) 3.6 ± 0.6 2.5-6.5 3.5-3.7
MCV (fL) 99.5 ± 5.1 78.4-109.7 89.6-91.5
RETIC (%) 2.04 ± 0.98 0.52-6.72 1.86-2.23
RI 1.28 ± 0.86 0.01-5.09 1.13-1.43
WBC (× 103/µL) 10.6 ± 4.4 3.2 -26.9 9.8-11.3
NEUT (× 103/µL) 8.7 ± 5.1 2.1-42.0 7.8-9.7
LYMP (× 103/µL) 1.3 ± 0.6 0.2-3.6 1.1-1.4
PLT (× 103/µL) 189 ± 97 22-651 170-207

RBC: red blood cells; MCV: mean corpuscular volume; RETIC: reticulo-
cytes: RI: RETIC index; WBC: white blood cells; NEUT: neutrophils;
LYMP: lymphocytes; PLT: platelets.



Correlations between inflammatory status and
haematologic and iron parameters

Statistically significant positive and negative corre-
lations (r of Pearson) were obtained for serum CRP le-
vels and WBC, RBC, Hb, TRF, satTRF, and FRT, but
not for CRP and sTfR (table IV, fig. 1). After stratifi-
cation of patients according to LIS, most of these co-
rrelation remain significant for Groups A and B, whe-
reas in Group C this was true only for SI (table III).
There was also a strong correlation between TRF and
FRT (-0.369; p < 0.01), but not between FRT and
satTRF or SI. In the other hand, LIS correlated with
Hb*, CRP**, TRF*, satTRF* and FRT**.

Discussion

Although there is no clear relationship between die-
tary iron intake and iron status, isotope studies have

identified multiple dietary factors that influence iron
absorption, such as ascorbic acid, animal tissue, phy-
tates and polyphenols. The modern diet contains less
red meat and is lower in iron than that consumed 30
years ago; however, there is no evidence to suggest
that current dietary changes will have a major impact
on iron status in the general population12.

In elderly populations, mean prevalence of folate
(< 7 nmol/l) and vitamin B12 (< 148 pmol/l) deficien-
cies is high13, 14, whereas iron deficiency use to be in-
frequent, although is more prevalent in women13, 15. In
these populations, prevalence of anaemia based in the
WHO criteria (Hb < 13 g/dL in men; < 12 g/dL in
women) has been reported to be 3-6%13, 14, 16. On the
contrary, subjects with inflammatory process had a
higher prevalence of anemia (22.2% men, 31.6% wo-
men)13.

However, ICU patients show a completely different
picture. Henche-Morilla et al.17 evaluated oligoelement
and trace element levels when patients are admitted into
the ICU and were included into a total parenteral nutri-
tion (TPN) program. They found that, on admission to
the unit, patients showed low serum levels iron, transfe-
rrin, zinc and calcium, and normal magnesium, phospho-
rus and copper figures. It is well known that major sur-
gery, trauma and sepsis is followed by a systemic
inflammatory response, whose humoral mediators (e.g.,
interleukin-1, interferon-γ, and tumor necrosis factor-α)
inhibit erythropoiesis both directly by suppressing eryth-
roid colony growth and indirectly by suppressing eryth-
ropoietin production18. Most studies in critically ill adults
focus on the longer stay patients and report an impaired
EPO response to anaemia, based on comparison either
with normal reference ranges or with a control group of
patients with non-renal anaemia19-21. In contrast, one
study of 10 patients with sepsis or septic shock in the first
4 days following admission demonstrated marked incre-
ases in EPO levels in those patients who subsequently
died, paralleling changes in the acute phase response22.
Similarly, Elliot et al.23 found that EPO levels are high in
the first 48 hours of critical illness in patients with ARF,
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Table II
Parameters of iron metabolism and inflammatory status

in 131 ICU patients

Mean ± SD Range 95% IC

SI (µg/dL) 42 ± 38 6-217 35-48
TRF (mg/dL) 190 ± 73 41-434 177-202
Sat TRF (%) 28 ± 25 3-84 24-32
sTfR (mg/dL) 1.6 ± 1.2 0.7-8.6 1.4-1.8
FRT (ng/mL) 387 ± 462 3-2,835 306-467
CRP (mg/dL) 7.9 ± 6.2 0.03-26 6.8-8.9

SI: serum iron; TRF: transferrin; Sat TRF: TRF saturation; sTfR: serum
TRF receptor; FRT: ferritin; CRP: C-reactive protein.

Table III
Parameters of iron metabolism and inflammatory status in
131 ICU patients, after stratification according to length

of ICU stay at inclusion

Group A Group B Group C
(n = 57) (n = 35) (n = 39)

Hb (g/dL) 10.6 ± 0.7 10.5 ± 1.5 10.3 ± 1.2
RBC (� 106/µL) 3.5 ± 0.5 3.7 ± 0.5 3.5 ± 0.4
WBC (� 103/µL) 9.9 ± 4.0 9.9 ± 3.3 12.1 ± 5.5*

SI (µg/dL) 42 ± 35 45 ± 47 39 ± 33
TRF (mg/dL) 224 ± 74 168 ± 56 154 ± 63
Sat TRF (%) 23 ± 19 32 ± 30 32 ± 26
sTfR (mg/dL) 1.4 ± 1.1 1.6 ± 0.9 1.6 ± 1.2
FRT (ng/mL) 206 ± 230 474 ± 528 586 ± 563
CRP (mg/dL) 6.5 ± 6.0 9.1 ± 5.4 9.0 ± 6.7

SI: serum iron; TRF: transferrin; SatTRF: TRF saturation; sTfR: serum
TRF receptor; FRT: ferritin; CRP: C-reactive protein. *p < 0.05, **p < 0.01
between groups. Group A: ≤ 3 days; Group : 4-7 days; Group C: ≥ 8 days.

Table IV
Correlations between inflammatory marker C-reactive

protein and haematologic and iron metabolism parameters
in 131 ICU patients

Total Group A Group B Group C
(n = 131) (n = 57) (n = 35) (n = 39)

Hb (g/dL) -0.246* NS -0.385* NS
SI (µg/dL) -0.458** -0.481** -0.628** -0.326*
TRF (mg/dL) -0.360** -0.336* -0.600** NS
Sat TRF (%) -0.295* -0.346* -0.474* NS
sTfR (mg/dL) NS NS NS NS
FRT (ng/ml) NS NS NS NS

Hb: haemoglobin; SI: serum iron; TRF: transferrin; SatTRF: TRF satura-
tion; sTfR: serum TRF receptor; FRT: ferritin; CRP: C-reactive protein. *p
< 0.05, **p < 0.01. Group A: ≤ 3 days; Group B: 4-7 days; Group C: ≥ 8
days.



suggesting an acute renal response to injury. These pa-
tients also had the highest APACHE II scosres and mor-
tality rates. EPO levels then decline over time, together
with a reduction in haemoglobin concentrations, and by
day 3 in the ICU the EPO levels for almost all patients
are in the low normal range. This indicates failure of
EPO effect rather than failure of production as the one of
the mechanisms for the anaemia of critical illness.

In addition, these cytokines induce a functional iron
deficiency (FID) status24, 25; a clinical situation where
the iron stores in the bone marrow macrophages is nor-
mal, but this iron is not available for erythropoiesis,
due to an alteration of it release from the macrophages,
of it incorporation to transferrin, or both6. Hepcidin, an
hepatic acute phase protein recently discovered, seems
to play a crucial role in these alterations26.

Most of our patients presented with a low serum
iron, low transferrin level and saturation, and high fe-
rritin: a pattern which is typical of the anaemia of
chronic disease. These changes occur rapidly in acute
as well as chronic illness as part of the systemic in-
flammatory response10. In fact, correlation between
CRP and iron metabolism parameters were stronger in
Group B (LIS: 4-7 days), and it is well known that ef-
fects of major surgery on iron metabolism are maxi-
mum during the first postoperative week25, 26.

As expected, there was a strong negative correlation
between TRF (a negative acute phase protein) and FRT

(a positive acute phase protein) (-0.650; p < 0.01), but
not between FRT and satTRF or SI, indicating that sto-
red iron is not available. Thus, the high C-reactive pro-
tein combined with the low transferring saturation (fig.
1) and high ferritin support the view that, at least in part,
the anaemia was a consequence of FID27, whereas only a
small proportion of patients (13%) showed a real iron
deficiency combined with inflammation, as suggested
by high sTfR levels28. On average, the incidence of ana-
emia and the levels of Hb in our patients are similar to
those recently reported for several European ICUs29.

However, FID leads not only to a blunted erythro-
poiesis but to an inappropriate immune response as
well8. This might explain why systemic inflammatory
response episodes last longer in critically ill patients
with FID, with prolonged stay at the ICU and increased
morbidity9. This FID status could not be corrected by
oral iron, since intestinal iron absorption is inhibited,
due to an hepcidin-induced reduction of its release th-
rough the enterocyte basolateral membrane26. On the
contrary, once injected in vivo, the iron-carbohydrate
complexes are metabolized, the iron is released where it
then binds transferrin in the plasma, and the redundant
carbohydrate moiety is then cleared via the liver30. Hen-
ce, the intravenous iron emerged as a therapeutic option
for the treatment of FID in these patients, since the in-
creased eryhtopoietic effect (4.5-5.5 times that of basal)
of IV iron last 7 to 10 days, after which the iron is se-
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Fig. 1.—Correlation
between levels of
inflammatory marker (Log
C-reactive protein) and
functional iron deficiency
(% transferring saturation)
in 131 ICU patients.
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questered by the reticuloendothelial system31. In a re-
cently published study the effectiveness of the adminis-
tration of iron sucrose, alone or in combination with
EPO, was assessed in a population of anemic critically
ill patients10. Compared to those in the control group
who only received folic acid, both treatments effecti-
vely reduced the requirements for ABT. In addition, pa-
tients treated with iron sucrose experienced an amelio-
ration of systemic inflammatory response and a
reduction in mortality rate. These beneficial effects we-
re not as evident in patients receiving iron sucrose plus
EPO, probably due to persistence of FID caused by the
EPO-enhanced erythropoietic activity. Hence, it is pos-
sible that the correction of FID by administering iron
sucrose has not only contributed to reduce the require-
ments for ABT by improving the erythropoietic respon-
se, but also to reduce postoperative morbi-mortality ra-
te by restoring an adequate immune response.

Based on their findings, Henche-Morilla et al. 17

arrived to the conclusion that the daily parenteral sup-
plements of oligoelements should be higher than those
recommended. We believe that this also applies to en-
teral nutrition, especially for those micronutrients,
such as iron, for which intestinal absorption is limited
by the systemic inflammation. From a theoretical
point of view, our data suppor the idea that a signifi-
cant amount of ICU patients might benefit from intra-
venous iron supplements, including those with enteral
and parenteral nutrition. However, further research,
preferably as a large randomised clinical trial, is nee-
ded to ascertain whether intravenous iron therapy
might improved clinical outcomes in these patients.
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