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Abstract
Anemia is defined as a hemoglobin level that is two standard deviations below the mean for age. After children reach 
the age of 12, the hemoglobin norm can be further divided into gender-specific ranges. When a patient presents with 
anemia, it is important to establish whether the abnormality is isolated to a single cell line [red blood cells (RBC) only] 
or whether it is part of a multiple cell line abnormality. In children, anemia is usually caused by decreased RBC pro-
duction or increased RBC turnover. Anemia is usually classified based on the size of RBC (microcytosis, normocytosis, 
or macrocytosis) as measured by the mean corpuscular volume. Although iron deficiency anemia is usually microcytic, 
some patients may have normocytic blood cells. From a practical point of view, it is better to use in children the etiologic 
classification of anemia which includes impaired red cell formation, blood loss and hemolytic anemia. Most children 
with anemia are asymptomatic, and the condition is detected on screening laboratory evaluation. Iron deficiency can 
be treated with oral iron, intravenous iron, and/or blood transfusion, depending on the patient`s hemoglobin levels, 
tolerance and co-morbidity. Oral iron salts are usually the first line of treatment for uncomplicated iron deficiency, but 
are poorly absorbed and lead to gastrointestinal side effects. In some cases, iron refractory iron deficiency anemia 
(IRIDA), a hereditary recessive anemia refractory to oral iron, occurs. IRIDA shows a slow response to intravenous iron 
and partial correction of anemia.
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Anemia is a public health problem that affects both rich 
and poor countries [1]. Worldwide, anemia affects up to 
50% of children under 5, especially children from low-in-
come families [2]. Anemia with iron deficiency is the most 
common form of anemia.

Infants and children needs iron for the proper neurolog-
ical development, differentiation of brain cell, myelinization 
of neurons, and as a cofactor for enzymes that synthesize 
neurotransmitters.

This is why iron deficiency/anemia negatively impacts 
on the fundamental aspects of growth and intellectu-
al developments with potential long-term consequences  
[2, 3]. We diagnose anemia when a hemoglobin level is two 
standard deviations below the mean for age. We should 

remember that the hemoglobin level in children above 12 of 
age is gender-specific [4]. In some patients anemia is limit-
ed only to the red blood cell line [RDC] and in others it co-
exists with damage to other cell lines in bone marrow [4] 
When anemia coexists with damage to other cell lines we 
should primary diagnose bone marrow diseases (aplastic 
anemia, leukemia) or an immunological disorders [5]. Iron 
deficiency is one of the main causes of anemia in patients 
with chronic kidney disease. We also diagnose anemia in 
patients with, celiac disease, non-celiac gluten sensitivity, 
an autoimmune atrophic gastritis and in patients with bow-
el disease in which it is more frequent than in Crohn’s dis-
ease. Decreased production or destruction of RDC are the 
main cause of anemia in children [6].
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One of the classification of anemia is based on the 
size of RBC, which specifies the mean corpuscular volume 
(MCV). With MCV we distinguish microcytic anemia (MCV 
<80 fL), normocytic anemia (80–100 fL), or macrocytic 
anemia (>100 fL).

RBC distribution width is a measure of the size vari-
ance of RBCs. A low RBC distribution width suggests uni-
form cell size, whereas an elevated width (>14%) indicates 
RBCs of multiple size.

From a practical point of view, it is better to use in chil-
dren the etiologic classification of anemia which includes 
impaired red cell formation (deficiency, bone marrow fail-
ure, infiltration) blood loss and hemolytic anemia (corpus-
cular, extracorpuscular). Due to the consequences of ane-
mia, the American Academy of Pediatrics (AAP) and the 
World Health Organization (WHO) recommend testing for 
anemia in children at one year of age [2]. In Polish children, 
we recommend testing for anemia at 3, 6 and 12 months, 
and also in children with feeding problem, poor growth, 
inadequate dietary iron intake, and during adolescence, 
especially in girls [7].

In most children anemia is asymptomatic, and we di-
agnose it based on a medical history, physical examina-
tion or additional tests. Symptoms indicative of anemia 
are irritability or pica, jaundice, shortness of breath, or 
palpitations.

In medical history important are questions about pre-
maturity, low birth weight, diet, chronic disease, and a fam-
ily history of anemia. In the physical examination, we pay 
attention to jaundice, tachypnoe, tachycardia, and heart 
failure, especially in children with severe or acute anemia. 
The basic research of anemia is a complete blood count, 
reticulocyte count, serum ferritin level reflecting iron stores 
and transferrin.

Though serum ferritin is a good indicator of stored iron, 
as an acute phase protein may be increased with inflamma-
tion or chronic diseases. Therefore, it should not be tested 
in these states for assessing iron stocks.

A blood iron test assesses its current concentration in 
blood, but does not specify the amount of iron available in 
the body, hence this result is interpreted along with oth-
ers iron tests.

Total iron-binding capacity (TIBC) measures all the pro-
teins in the blood that are available to bind with iron, includ-
ing transferrin. unsaturated iron-binding capacity (UIBC) 
measures the portion of transferrin that has not yet been 
saturated. UIBC also reflects transferrin levels.

Transferrin saturation is a calculation that reflects the 
percentage of transferrin that is saturated with iron.

Soluble transferrin receptors (sTfRs) are proteins found 
in the blood which can be elevated with iron deficiency. The 
sTfR test is not available at all centers, but because it is 
not an acute phase reactant, it is useful for assessing iron 
stores in patients with chronic diseases.

If the anemia is microcytic, we should look for iron de-
ficiency, thalassemia and anemia of chronic disease. Iron 
deficiency, chronic disease, hemolysis, immune-mediat-
ed destruction, and bone marrow disorders are the most 
common causes of normocytic anemia. Macrocytic ane-
mia is uncommon in children. It is caused by deficiency 
of vitamin B12, and folic acid, hypothyroidism and hepatic  
disease.

The main causes of anemia in newborns are hemor-
rhage, hemolysis or failure of red cell production. Anemia 
in infants and toddlers is caused by: failure of red cell pro-
duction, hemorrage, hemolysis. Anemia in older children 
and adolescents is caused by failure of red cell production, 
hemorrage, hemolysis.

As previously stated, iron deficiency anemia is the 
most common type in children. Although iron deficiency 
anemia is usually microcytic, some patients may have 
normocytic blood cells [2, 8]. Anemia is most common 
in children during late infancy/early childhood because 
of rapid growth, exhaustion of gestational iron and low 
levels of dietary iron. The second period of increased oc-
currence of anemia is adolescence, due to rapid growth, 
suboptimal iron intake and menstrual blood loss in fe-
males [5].

Children at the aged 1–3 years should receive 7 mg 
elementary iron daily in food. We must remember that con-
sumption of large quantities of non–iron-fortified cow’s milk 
favors the occurrence of iron deficiency anemia.

For older children in areas of high anemia prevalence, 
the WHO recommends intermittent iron supplementation 
(potentially once or twice a week) for pre-school and school-
age children and adolescents [9].

When we delayed umbilical cord clamping for 60– 
–120–180 sec after delivery, iron status in infants aged 
2–6 month may be improved, however, it does not last 
longer than 12 months [2, 9–11].

Exclusively breastfed preterm infants, except for those 
who have had multiple blood transfusions. should receive 
prophylactically 2 mg elementary iron per kg per day from 
age 1–12 month [2, 12].

Full-term infants do not require prophylaxis with iron, 
for their pregnant iron supplies are sufficient for the first 
4–6 months of life [2, 13].

As recommended the AAP full-term exclusively breast-
fed infants should receive 1 mg per kg per day of elemen-
tary iron supplementation at age 4 months until introduced 
into the diet foods that contain the right amount of iron 
[2, 12, 13]. Formula-fed infants often receive adequate 
amounts of iron, and thus rarely require further supple-
mentation [12]. Full-term infants (4–6 month to 1 year) 
require 11 mg iron per day and children aged 1–3 years 
require 7 mg iron per day [2, 14, 15].

Patient’s hemoglobin levels, tolerance of anemia and 
co-morbidity decide on the form of iron administration, oral 
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iron, intravenous iron, and/or blood transfusion. Oral forms 
of iron as ferrous or ferric salts are are most often used for 
the sake of their availability, ease of administration, and 
relatively low cost. We currently have:
1) iron (II) compounds (ferrous sulphate, ferrous glycine 

sulphate, ferrous fumarate, ferrous gluconate);
2) iron (III) complexes [iron (III) hydroxide polymaltose com-

plex, iron (III) succinyl protein complex];
3) elemental iron (carbonyl iron);
4) sucrosomal iron.

During the therapy with oral iron salts, in some patients 
they are observed the gastrointestinal side effects, caused 
by poor drug absorption [16]. Some new iron preparations 
increase their tolerability.

One of these is sucrosomal iron, absorbed as a vesi-
cle-like structure, bypassing the conventional iron absorp-
tion pathway. Therefore sucrosomal iron is well tolerated 
and more bioavailable than other iron salts salts [17, 18].

The properties of sucrosomal iron make it recommend-
ed for patients at which iron salts are inefficacious and 
also in iron deficiency prophylaxis. This drug can be used 
for initial or maintenance treatment [17].

Intravenous iron is administered to the patients with 
intolerance to oral iron salt, or when the treatment is in-
efficacious [19]. Intravenous iron preparations include 
ferric gluconate, iron sucrose, low molecular weight iron 
dextran, ferric carboxymaltose, ferumoxytol and iron iso-
maltose. Due to the occasional anaphylactic reactions af-
ter the intravenous iron administration, treatment must 
lead only by staff trained to manage anaphylactic reac-
tions, and where resuscitation facilities are immediately 
available [20].

An indication to the red cell transfusion are very se-
vere iron deficiency anemia and hemodynamic instability. 
After the red cell transfusion we observe transient rise of 
haemoglobin, as a result, it increases oxygen-carrying ca-
pacity. In patients who achieved hemodynamic stability 
the iron supplementation should be considered [17, 21].

The first description of the patients with iron unrespon-
sive anemia, malabsorption of medical iron and a partial 
but incomplete hematological response to parenteral dex-
tran occured in 1981 [22, 23].

After 16 years, in 1997, there was a report about the 
18-month old African child with iron resistant iron deficiency 
anemia and severe microcytosis [24]. His anemia was unre-
sponsive to oral iron supplementation and persisted after 
iron stores were replete. Most of the reported cases have 
been children, who despite anemia, had normal growth, 
development and intellectual performance [22, 24, 25].

Iron refractory iron deficiency anemia (IRIDA), present-
ed above, is a hereditary recessive anemia due to a defect 
in the TMPRSS6 gene encoding matriptase 2. This protein 
plays a role in down-regulating hepcidin, the key regulator 
of iron homeostasis [22, 26].

The IRIDA patients are characterized by hypochromic, 
microcytic anemia, very low serum iron, and transferrin 
saturation levels. However, serum ferritin levels are most-
ly within the normal range or even slightly elevated fol-
lowing intravenous iron treatment. The degree of anemia 
varies, being mostly mild and more pronounced in child-
hood. Anemia is not detectable at birth. The phenotype 
develops only after the neonatal period [22]. In most pa-
tients, oral iron is ineffective in correcting anemia, and 
patients must receive intravenous iron. The response to 
parenteral administration of iron is variable but general-
ly leads to a progressive increase in hemoglobin levels. 
Correction of anemia is much slower than in patients with 
acquired iron deficiency. Hemoglobin levels rarely nor-
malize, microcytosis persists and transferrin saturation 
remains below normal value. Serum ferritin increases 
following iron injections, somehow in a dose-dependent  
manner [22].

Anemia classification and diagnosis in children is a very 
complex challenge, although it must be remembered that 
the main cause of anemia is iron deficiency. Oral iron is 
the first-line treatment for iron deficiency in pediatric pop-
ulations [12].
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