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Abstract: Anemia is a common complication of pediatric critical illness; close to 75% of 
children that are admitted to the pediatric intensive care unit (PICU) are anemic at some 
point during their stay. The causes of anemia of critical illness are multifactorial and are most 
often attributable to inflammation and/or blood losses (iatrogenic or disease-related). The 
impact of anemia in critically ill children is unclear but given that hemoglobin is an 
important factor in the body’s oxygen-carrying capacity, low hemoglobin can result in 
insufficient oxygen delivery to vital organs and tissues especially in the context of an 
acute illness. The management of anemia of critical illness is yet to be developed. 
Transfusions of red blood cells are the fastest way to increase hemoglobin; however, they 
are associated with adverse events. Current recommendations suggest limiting transfusions to 
hemoglobin levels below 7g/dL in hemodynamically stabilized children. Iron and erythro
poietin have been investigated to manage and/or prevent anemia; yet studies on these two 
therapeutic options have been either negative or inconclusive. Another approach to reduce or 
prevent anemia is to reduce blood testing and iatrogenic blood losses. Multiples strategies 
have shown promising results, such as small-volume phlebotomy, in-line blood testing and 
modifying physician behavior with regard to blood testing orders. Further studies are 
required to determine how efficient these interventions are to reduce the prevalence of 
anemia at PICU discharge. Anemia is a significant complication of critical illness and 50% 
of children are discharged from the PICU anemic. The long-term impact of this complication 
on these children is unknown, in particular the impact on their long-term neurocognitive 
development. Structured follow-up is required to understand the trajectory and consequences 
of anemia in this particular population. 
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Epidemiology and Pathophysiology
Definition
Anemia is a medical condition during which the number of red blood cells 
(RBCs) and consequently, the body’s oxygen-carrying capacity is insufficient to 
meet the body’s physiologic needs. Most of the definitions of anemia currently 
available are based on a hemoglobin cut-off level which varies with age. 
However, there is no universal definition for anemia and the cut-off values 
vary a lot depending on the reference. Furthermore, these definitions are not 
adapted to the characteristics of specific populations (for example, patients with 
cyanotic congenital heart disease) and they do not incorporate  physiological 
component in the diagnosis (tachycardia, fatigue, etc.). This lack of 
a standardized definition has been a problem for clinicians and researchers. 
One definition that is commonly used is the World Health Organization 
(WHO) criteria for anemia is presented in Table 1.1 Still, this definition does 
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not include cut-off values for diagnosis of anemia in 
infants less than 6 months old.

Epidemiology
Anemia is common in critically ill children; indeed, close 
to 33% of children admitted to the pediatric intensive care 
(PICU) are anemic on admission and an additional 41% 
will become anemic during their PICU stay. Overall, close 
to 75% of children are anemic at some point during their 
critical illness.2 Children most at risk of developing ane
mia in the PICU are newborns (<28 days of age), those 
admitted with shock or with severity disease defined by 
a baseline Pediatric Logistic Organ Dysfunction score 
(PELOD)3 of ≥11, a respiratory comorbid condition and 
children who do not receive a RBC transfusion during 
their first two days in the PICU.2

Pathophysiology
Anemia of critical illness is multifactorial in origin. It can 
be caused by inflammation and insufficient erythropoiesis, 
blood loss, reduced lifespan of RBC (and cytolysis), and/ 
or hemodilution; inflammation and blood losses being 
important contributors.4

Inflammation
Inflammation is an important component of pediatric critical 
illness. It causes a mild to moderate normocytic, normochro
mic anemia. It is characterized by decreased erythropoiesis, 
an abnormal iron metabolism and a decreased production and 
response to erythropoietin (EPO).5 Anemia of inflammation 
is intrinsically associated with iron metabolism which is 
greatly disturbed during systemic inflammation.6 Under nor
mal circumstances, the major regulators of iron absorption 
are: 1) body iron stores, 2) bone marrow erythropoietic 

activity, 3) hemoglobin level, 4) hypoxia, and 5) 
inflammation.7 Most of the body’s iron is stored in the 
reticuloendothelial system, RBCs, macrophages and hepato
cytes. Normally, iron is transported by transferrin, then binds 
to receptors on the surface of erythroblasts and is used for 
hemoglobin synthesis. In excess, iron can also bind to apo
ferritin to form ferritin; an iron-storing protein. Hepcidin is 
a regulator of iron absorption: it is a circulating polypeptide 
that inhibits the iron exporter ferroportin. Activation of hep
cidin results in the retention of iron within enterocytes, 
macrophages and hepatocytes leading to a decrease in 
serum iron levels, even if there is no depletion of body iron 
store.8 During inflammation, interleukin-6 (IL-6) stimulates 
the synthesis of hepcidin which decreases iron absorption 
and iron availability.4 Interleukin-1 (IL-1) and Tumor 
Necrosis Factor (TNF) alpha also stimulate the synthesis of 
ferritin, the major protein associated with iron storage further 
reducing iron availability. Inflammation thus reduces ery
thropoiesis by limiting available iron for hemoglobin 
synthesis.8 TNF-alpha and IL-1 also reduce erythropoiesis 
and response to EPO by inducing the apoptosis of medullar 
erythrocyte progenitors, inhibiting the production of EPO by 
the kidney and downregulating EPO receptors.4,9

Blood Loss
Blood loss in critically ill patients can be secondary to the 
primary illness (surgery, acute bleeding from trauma, or 
digestive bleeding) or it can be the result of iatrogenic pro
cedures and/or blood sampling. Excessive blood testing in 
the ICU has become a recognized contributor to anemia of 
critical illness.2,10 ICU patients require close monitoring, and 
this can include repetitive and sometimes excessive blood 
testing. In 1986, Burnum first reported the problem of “med
ical vampires”, describing the urge of medical teams to per
form excessive blood testing on ICU patients to ensure 
adequate monitoring.11 Despite a growing concern for exces
sive blood testing, practices have not changed much over the 
past 30 years.11–13 Average daily blood volume sampled per 
ICU patient ranges from 13.5 to 88 mL.14,15 In PICU, daily 
blood volume sample ranges from 2.3 to 7.1 mLper patient.
16–19 The amount of daily blood volume removed for testing 
is especially concerning in small children given their size and 
their blood volume. The estimated total blood volume of 
infants is about 80–85mL/kg. For a 3-kg baby, a 5mL daily 
blood loss for 5 days represents about 10% of his blood 
volume. Excessive blood testing is costly, can cause or wor
sen iatrogenic anemia and increases the need for RBC 
transfusions.20,21

Table 1 Diagnosis of Anemia According to the Hemoglobin 
Level*

Population Anemia

Mild Moderate Severe

6–59 months 100–109 70–99 <70
5–11 years old 110–114 80–109 <80

12–14 years old 110–119 80–109 <80

>15 years old (women) 110–119 80–109 <80
> 15 years old (men) 110–129 80–109 <80

Notes: According to the WHO recommendations. Reproduced from WHO. 
Haemoglobin Concentrations for the Diagnosis of Anaemiaand Assessment of 
Severity. Geneva: World Health organization; 2011. Available from: https://apps. 
who.int/iris/bitstream/handle/10665/85839/WHO_NMH_NHD_MNM_11.1_eng. 
pdf?sequence=22&isAllowed=y. Copyright 2011.1 *Hemoglobin is in grams per liter.
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The acute impact of anemia on critically ill children is 
unclear. Hemoglobin is an important factor in the body’s 
oxygen-carrying capacity. In the acute setting, low hemo
globin can result in insufficient oxygen delivery to vital 
organs and tissues. If oxygen delivery falls below a certain 
critical hemoglobin level, it can cause cells to enter in 
anaerobic metabolism which leads to lactic acid produc
tion and ultimately to end-organ failure and death. 
Increased cardiac output can counterbalance for lower 
oxygen delivery to a certain extent but this compensatory 
mechanism can be compromised in the context of an 
ongoing critical illness.22 The level of anemia at which 
oxygen delivery is impaired is thus dependent on each 
patient’s intrinsic physiological condition and risk factors. 
Consequently, it is unclear whether the WHO hemoglobin 
criteria can be safely applied to the PICU population given 
the complexity of PICU children’s underlying conditions. 
The development of guidelines for management of anemia 
in these children is therefore more challenging.

Management of Anemia
Many therapeutic options have been investigated to help 
prevent and/or treat anemia of critical illness. These 
include RBC transfusions, iron and EPO.

Transfusion
The theoretical goal of administering a RBC transfusion to 
PICU patients is to rapidly restore the body’s oxygen- 
carrying capacity, respond to physiologic needs, end anae
robic metabolism and improve organ function. In clinical 
settings, physicians usually prescribe RBC transfusions to 
patients with low hemoglobin, acute blood loss and/or 
cardiac insufficiency.2 Although it is compelling to believe 
that RBC transfusion improves the homeostasis and out
comes of acutely ill patients, the literature suggests that 
RBC transfusions can, on the contrary, be associated with 
worst outcomes in certain clinical scenarios.

First, in the adult population, numerous studies have 
demonstrated that transfusing RBCs may not be risk-free. 
In 1997, Hebert et al published in a retrospective manner, 
a study looking at the association between transfusion 
practices and mortality rate. Compared to survivors, 
patients who died were transfused RBC more frequently 
(42.6 vs 28.0% p <0.001).21–23 The number of RBC trans
fusions administered was also associated with worse out
comes; adjusted odd ratio predicting survival was 0.61 
after having received 1 to 3 units of blood and 0.49 after 
having received 4 to 6 units of blood when compared to 

non-transfused anemic patients.24 The CRIT (Anemia and 
Blood Transfusion in the Critically Ill) study, by Corwin 
et al in 2004, demonstrated that the number of RBC 
transfusions received by ICU adults was directly asso
ciated with longer ICU stay and an increased mortality.25 

RBC transfusions are also associated with more nosoco
mial infections. The risk of nosocomial infection increases 
with each additional RBC transfusion.26 A systematic 
review of 45 studies investigating the efficacy of RBC 
transfusion in 272,596 critically ill adults demonstrated 
that in 42 of the 45 studies, the risks of RBC transfusion 
exceeded their benefits.27 This review also highlighted that 
RBC transfusions were an independent risk factor for 
mortality, infection, multi-organ dysfunction syndrome 
and acute respiratory distress syndrome.27 Pediatric data 
show similar results; RBC transfusions are associated with 
higher mortality, higher rates of nosocomial infections and 
more cardiac and respiratory dysfunction. RBC transfu
sions are also associated with longer PICU stay and longer 
duration of mechanical ventilation.2 Furthermore, children 
have twice the rate of transfusion reactions than adults 
(278 vs 577 per 100,000, p< 0.001).28 Transfusion reac
tions are significant and can include infections, allergic 
transfusion reactions, fluid overload and transfusion- 
related acute lung injury.29,30

Adverse outcomes associated with RBC transfusions 
have forced clinicians to reevaluate indications for transfu
sion. The safety of lowering hemoglobin thresholds to 
avoid transfusions has since then been thoroughly investi
gated. The randomized controlled trial (RCT) TRICC (A 
Multicenter, RCT of Transfusion Requirements in Critical 
Care) by Hebert et al, randomized ICU adults to receive 
a RBC transfusion at a hemoglobin threshold of 7g/dL 
(restrictive strategy) versus 9g/dL (liberal strategy). The 
restrictive strategy allowed a reduction in RBC transfu
sions of 54% which was not associated with worst out
comes. There was even a trend towards reduction of 
mortality (18.7% in the restrictive group vs 23.3% in the 
liberal group p.011).23 Villanueva et al demonstrated 
a reduction in mortality in adults with upper GI bleed 
using a restrictive approach (Hb <7g/dL).31 The TRISS 
(Transfusion Requirements in Septic Shock) trial showed 
that there was no difference in mortality using a restrictive 
approach for patients in septic shock (Hb <7g/dL).32

In 2007, the TRIPICU (Transfusion Requirements in 
Pediatric Intensive Care) trial by Lacroix et al was con
ducted in PICU patients. Children were randomized to 
a restrictive hemoglobin threshold of 7g/dL vs standard 
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of care. Only hemodynamically stabilized children were 
included. The results demonstrated a 44% reduction in 
RBC transfusion in the restrictive group; 54% of patients 
in this group did not receive any RBC transfusion during 
their PICU stay. On the opposite, 98% of patients in the 
liberal or standard of care group received a RBC transfu
sion. This restrictive strategy was not associated with new 
or progressive multiple organ dysfunction syndrome 
(MODS).33 This pediatric landmark study demonstrated 
the safety of tolerating lower hemoglobin thresholds and 
has since then created a significant shift in the way PICU 
physicians prescribe transfusions. They are now much 
more cautious when deciding to transfuse patients.34

In 2019, RBC transfusion recommendations for criti
cally ill children were developed by the Transfusion and 
Anemia Expertise Initiative.35 Some of the key points of 
these recommendations are the following:

1. Consider not only the hemoglobin level but also the 
global clinical status (signs and symptoms, labora
tory results, physiologic values . . .) of the patient 
when deciding to transfuse RBC.

2. RBC transfusion is recommended for critically ill 
children if the hemoglobin level is <5g/dL.

3. For most patients who are hemodynamically stable 
and who have a hemoglobin level >7g/dL, the 
experts recommend no administration of RBC 
transfusion.

Iron
Iron-deficiency appears to contribute in part to the patho
physiology of anemia of critical illness.36 Administering 
iron to critically ill patients has been proposed as 
a promising treatment option. Yet, concerns were raised 
about the added risk of infection associated with iron 
therapy. In in vivo and in vitro studies, intravenous (IV) 
iron was associated with increased levels of circulating 
free iron, which impairs T cell and neutrophil function 
and promotes the growth of pathogens. The blunted ery
thropoietic response due to co-existing inflammation in 
these patients can also exacerbate iron overload and lead 
to an increased risk of infection.37 Moreover, IV iron is not 
without risk; allergic and anaphylactic reactions, oxidative 
damage and iron overload have been reported.38

Numerous ICU studies have investigated the role of iron 
supplementation to treat anemia of critical illness. The 
IRONMAN randomized controlled trial (RCT) randomized 
ICU adults with a hemoglobin concentration below 10g/dL 

to receive IV iron or placebo. IV iron or placebo was 
administered to a maximum of 4 doses depending on the 
hemoglobin concentration and the iron and transferrin 
levels.39 There was no significant difference between the 
number of RBC transfusions administered in each group 
during the ICU stay. However, hemoglobin at discharge was 
significantly higher in the IV iron group compared to pla
cebo (10.7 vs 10.0 g/dL p= 0.02). There was no difference 
in the rate of infections in both groups. The authors con
cluded that IV iron therapy was not effective to avoid RBC 
transfusions in critically ill patients likely because of their 
underlying severe inflammation and blunted erythropoietic 
response preventing iron to be used for hemoglobin 
synthesis.39 Similar results were also obtained by Pierraci 
et al in the trauma population. In this trial, iron (or placebo) 
was given for 2 weeks to trauma patients with hemoglobin 
level <12g/dL. While iron supplementation led to an 
increase in the serum ferritin concentration, it did not 
change the requirements for RBC transfusions.40 Recently, 
Shah et al published a systematic review with meta-analysis 
on iron therapy in ICU. It included 6 RCTs for a total of 805 
patients. They found no evidence of an effect of iron sup
plementation on the number of participants requiring 
a transfusion. There was also no difference between IV or 
oral iron. Iron therapy did, however, increase mean hemo
globin concentration. There was no difference in the rate of 
infections in patients who received iron vs placebo.37

The contribution of iron deficiency to the pathogenesis 
of anemia of critical illness needs to be better understood. 
Hepcidin and the soluble transferrin receptor (sTfR) are 
novel biomarkers that could help identify anemic patients 
with true absolute underlying iron deficiency from those 
with sole inflammation (i.e. functional iron deficiency). As 
mentioned above, hepcidin is a circulating polypeptide that 
inhibits the iron exporter ferroportin. Its activation results 
in the retention of iron within enterocytes, macrophages 
and hepatocytes leading to a decrease in serum iron levels 
even if there is no depletion of body iron store. Hepcidin 
expression is increased in the context of inflammation but 
reduced during iron deficiency. Soluble transferrin recep
tor (sTfR) is a soluble form of the membrane receptor 
derived from its proteolysis that is expressed on the cell 
surfaces. Its concentration is inversely correlated with 
intracellular iron levels and is less affected by inflamma
tion and more affected by erythropoiesis.41,42 These mar
kers may also help identify those patients that could 
positively respond to iron therapy.9,36,43 A nested study 
from the IRONMAN trial was performed to answer this 
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question. In patients with low hepcidin (<53), iron was 
associated with a reduction of the risk of receiving a RBC 
transfusion (RR 0.48, CI 0.26–0.85). In patients with 
a high hepcidin level, there was no association between 
IV iron therapy and the risk of RBC transfusion.44 These 
results support the use of hepcidin as a biomarker to guide 
our therapy for ICU patients, but further studies are needed 
to consolidate this new knowledge.

Currently, it is not recommended to administer iron to 
PICU children to treat or prevent anemia. This recommen
dation may change as we learn more about the role of 
hepcidin in the pathogenesis of anemia of critical illness.

EPO
Another potential treatment option for anemia of critical 
illness is EPO. Anemia of critical illness is characterized 
by a blunted EPO production and abnormalities in iron 
metabolism. Critically ill patients have lower circulating 
EPO and a blunted response to endogenous EPO, likely as 
a result of the inhibition of the EPO gene by inflammatory 
mediators.4 Anemia of critical illness is mainly one of 
underproduction.45,46 EPO supplementation has already 
been proven effective in treatment of anemia secondary 
to renal failure or in patients with cancer.47,48 Given that 
the pathophysiology of anemia of critical illness shares 
similar origins with the anemia of chronic illness, EPO 
supplementation during critical illness could appear as 
a promising therapeutic option. However, current data do 
not support this theory. Results of studies on EPO treat
ment during critical illness are very difficult to interpret 
and generalize. For instance, the EPO protocols developed 
in these projects were very different; some studies admin
istering EPO IV, others subcutaneously, or in combination 
with oral or IV iron.46 This makes it almost impossible to 
develop a solid meta-analysis and draw conclusions. 
Furthermore, concerns were raised about the possible 
severe adverse events associated to EPO administration 
such as thrombosis, blood hyperviscosity, hypertension, 
convulsions and red-cell aplasia.46

Corwin et al published a RCT looking at the effects of 
EPO on transfusion requirements in the ICU. Participants 
received EPO (or placebo) weekly for a maximum of four 
doses. Patients in the EPO group were less likely to 
receive RBC transfusions (50.5% vs 60.4% p=0.01). 
There was a 19% reduction in RBC transfusion in the 
EPO group and hemoglobin concentration at the end of 
the study was significantly higher in the EPO group (13.2 
vs 9.4 g/dL, p< 0.01). There was no difference in mortality 

or adverse clinical events.49 These results were encoura
ging so further studies were designed to better evaluate the 
safety of this therapeutic option. In 2007, Corwin et al did 
a similar study looking at the efficacy and safety of an 
EPO treatment versus placebo on the need for RBC trans
fusion in a double-blind placebo-controlled RCT. A total 
of 1460 patients were randomized, and they found no 
statistical difference between both groups regarding the 
need for RBC transfusion. This could be explained, 
according to the authors, by changes in practice since the 
last studies (restrictive transfusion strategy). An interesting 
finding of this study is that mortality at 29 and 140 days 
tended to be lower in the EPO group. One hypothesis 
mentioned by the authors is that EPO’s effect on mortality 
can be related to the non-hematopoietic effect of EPO 
(anti-apoptotic activity, protection of cells from hypoxe
mia and ischemia). Adverse events were similar in the two 
groups except that thrombotic vascular events were more 
frequent in the EPO group (15.5 vs 11.5% p=0.008).50 

A recent Cochrane review investigated the possible 
harms of EPO in ICU. Thirty-nine trials were included 
for a total of 945,240 participants. Results were inconclu
sive when looking at risk of adverse events with EPO (RR 
1.05, CI 0.93–1.21) or venous thromboembolisms (RR 
1.04, CI 0.7 to 1.41), but EPO seemed to decrease mortal
ity (RR 0.76, CI 0.61 to 0.92).51

Pediatric data on EPO are scarce. One study looked at 
EPO therapy in children with bronchiolitis and anemia. 
Patients were randomized to EPO therapy with iron versus 
placebo with iron. They found that, in the EPO group, 
there was a trend towards a higher hematocrit (32 vs 34%) 
but there was no decrease in the number of transfusions 
needed. No adverse events were reported.52

EPO is probably beneficial in reducing the number of 
transfusions administered in the ICU but overall, benefits 
of EPO therapy seem marginal when a restrictive transfu
sion therapy is applied. As a consequence, its use is not 
recommended for treatment or prevention of anemia of 
critical illness. The impact of EPO on mortality by other 
mechanisms remains under investigation.

Patient Blood Management and 
Blood Conservation Strategies
In reaction to the emerging evidence on the risks asso
ciated with RBC transfusions and anemia, the WHO 
developed in 2011 the concept of a patient blood manage
ment strategy program (PBM) which is defined as 
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a patient-focused, evidence-based and systematic approach 
to optimize the management of patient and transfusion of 
blood products for quality and effective patient care.53 

This includes the development of blood conservation tech
niques to reduce the frequency of diagnostic blood sam
pling, the amount of blood removed and discarded. 
Restrictive transfusion strategies, early detection and man
agement of anemia, optimizing hemostasis and coagulo
pathy as well as patient-centered care, are other important 
aspects of a PBM program.54

Over the last decade, several reviews have been pub
lished describing the best available strategies to minimize 
diagnostic blood loss. Strategies identified include the use 
of small-volume tubes or microtainers, point-of-care test
ing, minimizing the blood volume discarded by using 
closed blood sampling systems, streamlining lab orders, 
non-invasive monitoring, implementing blood sampling 
protocols, education and timely removal of unnecessary 
indwelling catheters.13,55–57

Small-Volume Phlebotomy
The use of small-volume phlebotomy tubes can signifi
cantly reduce the blood volume used for diagnostic blood 
sampling. This strategy has been shown to reduce blood 
losses by 30% to 45% in ICU patients. However, 
a difference in discharge hemoglobin using this technique 
failed to be demonstrated.12,20,21,58

In-Line Blood Sampling
ICU patients often have indwelling lines such as central 
venous catheters to administer fluids and medications, 
arterial lines to continuously monitor blood pressure, and 
sometimes dialysis catheters, all of them with the advan
tage of offering an easy access for blood sampling.12,59 

Because of the mixing with other perfusions and the pos
sibility of laboratory errors, a certain amount of blood 
volume needs to be discarded before taking a diagnostic 
blood sample. The discarded blood needs to be at least 
twice the dead space of the lumen60 and can thus represent 
an important percentage of the total blood volume 
sampled. For that reason, closed or in-line blood sampling 
has been shown to be an effective measure to reduce 
diagnostic blood loss. In 4 RCTs in ICU patients, arterial 
catheter conservation devices were compared to standard 
practice (open sampling) and all four reported a significant 
reduction in mean blood volume sampled per patient 
per day; ranging from an 18% to 80% reduction.61–64 Yet 
improvement in hemoglobin levels and transfusion rates 

with this technique failed to be demonstrated.65,66 In pre
mature infants, in-line point-of-care (POC) monitoring 
system allowed for a relative reduction of 27% and 24% 
of total blood loss in the first and second weeks of 
admission67 as well as a decrease in transfusion rates.68 

In children undergoing congenital heart surgery, transfu
sion rates were also lower using this technique (5 versus 3 
units; p<0.001).69

Physician Behavior
Another strategy to spare blood volume is to modify 
physician behaviors in regard to blood sampling. 
Strategies reviewed in the literature are 1) auditing and 
giving feedback to the medical team about their prescrip
tion habits, 2) displaying the costs per laboratory test, 3) 
eliminating standing and repetitive orders.57 According to 
Sedrak et al, 67% to 88% of inpatient laboratory orders are 
unnecessary.70 Implementing educational strategies can 
reduce unnecessary laboratory orders;71–74 for example, 
removing routine postoperative complete blood count test
ing can reduce blood sampling by 50% within 7 days post- 
surgery.75 Clinical practice guidelines for blood culture use 
in PICU children reduces by 46% the rate of blood culture 
collection.76 Using blood volume discarded for blood cul
tures can also be considered and does not increase con
tamination rates.77

Finally, the timely removal of unnecessary indwelling 
lines can also help in reducing blood testing. In fact, the 
presence of indwelling central venous and arterial lines 
may encourage more blood sampling.59 Children with 
arterial or central venous lines are sampled 2.3 to 4 times 
more frequently in the first 2 weeks of their PICU stay 
than children with peripheral venous lines.2

Non-Invasive Hemoglobin Monitors
Non-invasive monitoring, such as non-invasive hemoglo
bin monitors, can provide valuable clinical data and help 
reduce the need for blood testing. This type of non- 
invasive measurement can also help to obtain faster results 
since they are not subjected to laboratory, analysis and 
validation delays.78 They can also be cost-effective and 
help avoid stressful situations for children.79,80

Non-invasive hemoglobin measurement devices such 
as the Radical-7 Pulse CO-Oximeter (Masimo) were 
developed based on the principle of spectrophotometry.78 

Light is transmitted through or reflected from tissues and 
blood differentially depending on their biochemical vari
ables. The difference in the degree of reflection allows for 
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calculation of hemoglobin and hematocrit using 
a mathematical model.78 These measures are performed 
using a fingertip probe similar to a pulse oximeter sensor. 
These monitors also use a perfusion index (PI) to evaluate 
the strength of the peripheral signal. Circumstances that 
decrease peripheral perfusion can cause a drop in the 
perfusion index and reduce the quality and reliability of 
the signal.78

Data on the reliability of these non-invasive measure
ments and the extent to which they can safely replace 
blood testing are quite conflicting. A study performed in 
53 PICU children compared non-invasive hemoglobin 
(SpHb) measures to laboratory measures.79 Non- 
invasive monitoring provided adequate agreement for 
the trending of hemoglobin levels with 95% of non- 
invasive hemoglobin readings ranging within 2.6g/dL of 
the corresponding laboratory hemoglobin. Nevertheless, 
this accuracy is insufficient to be used as the only para
meter for transfusion decision or to avoid laboratory 
testing.79 A study in patients undergoing neurosurgery 
and volume expansion demonstrated that although the 
correlation between SpHb and laboratory hemoglobin 
(LabHb) was unsatisfactory (0.53; p<0.001), yet the cor
relation between the change in SpHb and the change in 
LabHb was better (0.75; p< 0.001).81 The authors of this 
study concluded that this monitor could be useful as 
a trend monitor but that it would be advisable to confirm 
a baseline hemoglobin level. This device also appears 
unreliable in cyanotic children with congenital heart 
disease.80

Further data are required to define the potential use of 
these monitors in clinical practice. The newer generation 
of pulse oximeter probes will need to be further investi
gated but may prove to be interesting solutions to decrease 
blood testing.80 At present, this technology is not suffi
ciently accurate to replace invasive measurement of 
hemoglobin.

Anemia at PICU Discharge and Its 
Long-Term Consequences
Despite all the strategies discussed above to decrease 
the prevalence of anemia, close to 60% of all PICU 
children leave the PICU anemic and the consequences 
of this complication have yet to be determined.82,83 

Large RCTs have clearly demonstrated the safety of 
tolerating anemia in the short term,33,84,85 yet little is 
known about its effect on the long-term well-being of 

these children and in particular on their neurocognitive 
development. Anemia, in particular iron-deficiency ane
mia, may be associated with significant long-term abnor
mal neurocognitive function in children. Large studies, 
in otherwise healthy pre-school children, have shown 
the detrimental effect of anemia on their cognitive 
development and intelligence quotient.86,87 Deficiency 
in iron can impact the function of several iron- 
dependent enzymes that are active in the brain, which 
are responsible for the synthesis, transformation and 
degradation of important neurotransmitters.88 This can 
lead to behavioral, attention and developmental 
deficits.89–91 Whether this condition is reversible with 
iron therapy is unclear.92,93 Anemia can also contribute 
to many other health problems in PICU survivors; car
diovascular responses can be blunted and exercise toler
ance is lower mainly because of depleted cardiac 
reserve.94 Anemia has also been associated with poorer 
quality of life, fatigue and muscular weakness in ICU 
survivors.95,96

It is uncertain whether the anemia of PICU survivors is 
only caused by iron deficiency and/or chronic systemic 
inflammation. Data in children are lacking. However, we do 
know that adult ICU survivors remain in a persistent state of 
systemic inflammation even up to six months after ICU 
discharge as demonstrated by elevated C-reactive protein 
and ferritin blood levels, increased cytokine production, sup
pressed bone marrow activity, iron-restricted erythropoiesis 
and functional iron-deficiency anemia.9,36,97,98 “Functional 
iron deficiency” refers to a state in which iron stores are not 
depleted, but the body is unable to access and use iron 
appropriately. However, chronic inflammation might not be 
the only cause of anemia in adult ICU survivors: 30–40% of 
these patients also have low hepcidin levels, which suggests 
that they also have underlying true iron deficiency.96

Currently, there are no guidelines for the management 
of anemia in critically ill children at and after PICU dis
charge. The Canadian Pediatric Society and the Canadian 
Task Force on Preventive Health Care recommend screen
ing for anemia in all high-risk groups.99 Critically ill 
children certainly qualify as a high-risk group; yet no 
standardized screening has been established for them in 
Canada.

It is imperative that we ascertain whether permissive 
anemia is also safe for children in the long term and if not, 
that we rapidly determine strategies for prevention and/or 
treatment. The lack of standardized follow-up of PICU 
survivors is one of the main challenges obstructing the 
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development of research in this field. The need for PICU 
follow-up clinics is becoming increasingly recognized.100

Conclusion and Futures 
Perspectives
In summary, anemia is a common complication in critically 
ill children. It is caused by multiple factors including blood 
losses, iatrogenic sampling and inflammation. Transfusions 
have been the cornerstone treatment to rapidly correct ane
mia, but multiple studies have shown their detrimental 
effects. Large RCTs have demonstrated the safety of tolerat
ing some degree of anemia while patients are critically ill 
thereby avoiding unnecessary exposure to RBC transfusions. 
Other treatment options investigated to treat anemia have 
included EPO and iron; yet none have shown positive results 
in the acute setting. Patient blood management is a new 
program supported by the WHO to help physicians deter
mine strategies to reduce blood sampling and improve blood 
conservation strategies. This could help in decreasing the 
contribution of iatrogenic anemia. Non-invasive monitoring 
devices, although promising, need further improvement 
before being able to replace blood measurements.

Although anemia appears safe in the acute setting, little 
is known about the long-term consequences. Anemia can 
impact neurocognitive function in particular in young chil
dren and also affect energy levels, quality of life and 
physical endurance. This is a major concern given that 
more than 50% of children are anemic at PICU discharge. 
PICU follow-up studies are required to better understand 
the epidemiology and long-term adverse consequences of 
anemia after a pediatric critical illness.
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