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Abstract
Iron deficiency is the most prevalent nutritional deficiency affecting children and adolescents worldwide. A consistent body of
epidemiological data demonstrates an increased incidence of iron deficiency at three timepoints: in the neonatal period, in
preschool children, and in adolescents, where it particularly affects females.

Conclusion: This narrative review focuses on the most suggestive symptoms of iron deficiency in childhood, describes the
diagnostic procedures in situations with or without anemia, and provides Swiss expert-based management recommendations for
the pediatric context.

What is Known:
• Iron deficiency (ID) is one of the most common challenges faced by pediatricians.
• Significant progress in the diagnosis and therapy of ID has been made over the last decade.
What is New:
• Our expert panel provides ID management recommendations based on the best available evidence.
• They include strategies for ID diagnosis and therapy, both oral and intravenous.

Keywords Iron deficiency . Children . Anemia . Oral iron therapy . Intravenous iron therapy

Abbreviations
ADHD Attention-deficit/hyperactivity disorder
ATP Adenosine triphosphate
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SF Serum ferritin
SPOG Swiss Pediatric Oncology Group
sTfR Serum soluble transferrin receptor
URIDA Unexplained refractory iron deficiency anemia
WHO World Health Organization
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Background and introduction

Iron deficiency (ID) is one of the most common challenges
faced by pediatricians. While the majority of cases are
straightforward in both diagnosis and management, signifi-
cant progress on the phenotype of ID, its diagnosis, and ther-
apy has been made over the last decade. Therefore, we felt a
concise update for general practice to be necessary, as well as
clinically applicable recommendations aiming to increase
quality of care. Thus, we formed a panel of five practicing
Swiss pediatric hematologists delegated by the Hematology
Working Group of the Swiss Pediatric Oncology Group clin-
ical trial organization (www.spog.ch) and met in person over
the last 2 years to identify, review, and interpret any available
data on the diagnosis and therapy of ID in children (age 0 to
18 years old) with or without anemia. The US National
Library of Medicine/MEDLINE database was searched for
articles or letters published in full-length without strict limita-
tion of the publication date, and reports were collected by the
authors according to relevance. Reports published in English,
French, German, and Italian were included, while documents
in other languages were not considered, due to the impossibil-
ity to integrate content appropriately. Reports were read by the
panel of experts and discussed at face-to-face meetings, prior
to generation of summaries of content and evidence.
Consensus was found on each of the main topics outlined in
this review.

Epidemiology

ID is the most widespread nutritional deficiency affecting
more than 2 billion of people worldwide according to the
World Health Organization (WHO) [1]. While the prevalence
of ID among children and adolescents in Switzerland is not
known, the U.S. National Health and Nutrition Examination
Survey (NHANES-IV) observed that 7% of infants aged 1–
2 years and 9% of adolescent girls have ID without anemia
(IDWA) [2]. In populations with comparable socio-economic
and ethnic background, prevalence is estimated between 2 and

6% of preschool children and between 8 and 20% of female
adolescents [3, 4]. Many authors have reported the relation-
ship of socio-economical status (i.e., poverty), education
levels (i.e., lower), and ID [5]. In a recently published com-
prehensive study on the global burden of disease in children
and adolescents, ID was the leading cause of years lived
with disability, affecting more than 600 million individ-
uals in 2013 [6].

Symptoms and clinical signs of iron deficiency with or
without anemia

A number of symptoms can be associated to iron deficiency
(ID) with (IDA) or without anemia (IDWA), as shown in
Table 1. Such symptoms become suggestive for the diagnosis
of ID or IDA in the context of the patient’s history and/or
additional laboratory findings only. Clinical manifestations
depend on age, the presence and severity of anemia, co-mor-
bidities, and rate of onset [5]. Of course, a broad differential
diagnosis exists for these rather aspecific symptoms, as they
may represent multifactorial processes, may be linked to

Table 1 Symptoms and clinical signs of iron deficiency with or without
anemia

Symptoms and clinical signs of iron deficiency (with or without anemia)

Angular cheilitis
Koilonychia/spoon nails
Hair loss, dry, and damaged hair
Dry and rough skin
Glossitis/decreased papillation of the tongue/burning tongue
Plummer-Vinson syndrome/esophageal and pharyngeal webs
Dysphagia
Loss of appetite
Dysgeusia
Pica
Fatigue
Behavioral changes
Attention deficit/hyperactivity disorder
Restless legs syndrome
Sensitivity to cold
Sleep disorders
Irritability/malaise
Breath-holding spell

Symptoms and clinical signs of anemia

Dyspnea on exertion
Pallor
Palpitations
Headaches
Tinnitus
Vertigo
Cardiac murmur
Tachycardia
Angina pectoris
Hemodynamic instability
Heart failure
Syncope
Stroke
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global poor nutrition or associated to other underlying condi-
tions (i.e., malabsorption, renal disease, rheumatic/inflamma-
tory conditions). Unexplained fatigue, for example, is the most
common symptom of ID, with or without anemia, but may be
associated with a number of confounding clinical conditions
[7]. Weakness, pallor, irritability, and lightheadedness are often
observed in children with both IDA and/or IDWA. Severe
symptoms like tachypnea, palpitations, and vertigo are usually
observed only in anemic patients. A long-standing ID can also
lead to an alteration of epithelial cells such as dry mouth,
cheilitis, atrophic glossitis, or hair loss. In rare cases, esopha-
geal membranes (Plummer-Vinson syndrome) may appear [8].
Neurological symptoms have also been observed in children
with ID such as attention-deficit/hyperactivity disorder
(ADHD) or restless legs syndrome, and their attribution to ID
itself remains controversial. In this review, we would like to
focus on some of the most suggestive symptoms of ID in child-
hood, without discussing the more common features of anemia.

Psychomotor and developmental signs
and symptoms

Iron plays a crucial role in the cognitive development of chil-
dren and adolescents. Experimental animal models have
shown that ID before birth or in the first months of life inter-
feres with several neurodevelopmental processes such as
myelination, dendritogenesis, synaptogenesis, neurotransmis-
sion, and neurometabolism [9, 10]. In children, ID can there-
fore lead to delayed cognitive, motor, attention and memory
deficits, visual and auditory deficits, decreased school perfor-
mance, and/or behavioral disorders, some with persistent
long-term effects [9–11]. Current scientific evidence suggests
that the age of onset together with the duration and severity of
ID, as well as the presence of anemia, could affect cognitive
and neurophysiological outcomes in childhood [12]. Age,
presence, and severity of anemia and duration of treatment
have been highlighted as possible determinants for efficacy
of iron substitution, but the effects on correcting these symp-
toms, however, remain under debate. For infants and young
children under 2 years of age, there is currently no clear sci-
entific evidence for a beneficial effect of iron supplementation
on cognition. These results are confirmed by systematic re-
views of the literature and recent meta-analyses [13, 14]. On
the other hand, many authors report an improvement in motor
performance after iron substitution, although this remains con-
troversial [15–22]. Among preschool children (2 to 5 years
old) with ID, modest but significant results are observed after
substitution, but only in anemic children, particularly in terms
of language as well as visual and selective attention. These
results are summarized in a recent meta-analysis [23]. Anemic
children over 7 years of age with severe ID and following long
lasting iron treatment seem to have the better outcomes [24].
However, even in those older children, no efficacy in terms of

improvement of memory or motor development was noted. In
adolescents and young women of childbearing age, ID can
also lead to decreased psychomotor skills and concentration,
mainly due to anemia with an impact on school performance
[25, 26]. In this age group, iron substitution is effective in
improving attention, concentration and verbal learning [23,
27].

Neurologic disorders

Iron substitution has demonstrated some benefit in other neu-
rologic conditions in young children, including breath-
holding spells and restless legs syndrome. Evidence is limited
to case series, but oral iron supplementation for such patients
with IDWA could be beneficial while presenting limited risk
of harm and could potentially be discussed on an individual
case basis.

Attention-deficit/hyperactivity disorder

ADHD is the most common behavioral disorder in children.
The diagnosis of ADHD should be considered in children
4 years or older with poor attention, distractibility, hyperactiv-
ity, impulsiveness, impaired academic performance, or behav-
ioral problems at home or at school [28]. A link between ID
and ADHD has been suggested by several authors [29–36],
while others do not find any disruption of the iron balance in
this population [37]. Firstly, significantly lower serum ferritin
levels have been observed in children with ADHDwhen com-
pared to healthy controls [38]. Furthermore, iron substitution
apparently leads to an improvement of ADHD symptoms in
children with low serum ferritin levels [29, 39]. Moreover, ID
has been postulated to cause a dysregulation of central dopa-
minergic neurotransmission, which may play an important
role in the pathophysiology of ADHD [40]. However, the
exact role of ID in ADHD remains to be confirmed.
Concerning the efficacy of iron substitution on ADHD symp-
toms, improvements in hyperactivity were recently reported
after a combined zinc iron substitution in a small series of
children with ADHD with zinc and iron deficiencies [41].
These results are consistent with previous reports [29, 39].
However, those studies were conducted in small cohorts, pres-
ent many confounders, and need to be confirmed in larger
populations. In conclusion, universal iron substitution in pa-
tients ADHD is not recommended but a potential beneficial
effect in iron deficient children with ADHD is not excluded.

Restless legs syndrome

ID has been implicated in the pathogenesis of restless legs
syndrome (RLS), a relatively common neurological disorder
(1.7–1.9% in school-aged children and 2–3.6% in adoles-
cents), which significantly impacts quality of life [42, 43].
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RLS is a movement disorder characterized by an often un-
pleasant or uncomfortable urge to move the legs that occurs
during periods of inactivity or sleep. Clinical and consensus
diagnostic criteria for RLS have been updated in 2013 [44]. A
role for the central dopaminergic system in the genesis of RLS
has been suggested by the efficacy of dopaminergic agonists
in its therapy, even if the physiopathology remains poorly
understood. A further link between disturbance of dopaminer-
gic neurotransmission in the striatum and iron metabolism is
suggested by animal models. Decreased brain iron has been
documented in this condition by histologic, radiological, and
cerebrospinal fluid analyses and seems to lead to hypoxia and
myelin loss as well as dopaminergic system abnormalities [44,
45]. Moreover genome-wide association studies identified
several genetic variants predisposing to RLS. Two of them
(MEIS1 and BTBD9) appear to influence expression of peri-
odic limb movements of sleep as well as iron homeostasis.
This correlation is consistent with the suspected involvement
of iron depletion in the pathogenesis of RLS [46, 47].
Considering the current scientific evidence, the 2018
consensus RLS treatment guidelines recommend iron
substitution in children with RLS if ferritin level is be-
low 50 mcg/L [48].

Breath-holding spells

Another neurologic condition potentially associated with
ID is breath-holding spells (BHS). BHS is a benign par-
oxysmal non-epileptic disorder occurring in otherwise
healthy children 6 to 48 months of age. Several studies
suggest an association between BHS and anemia [49]. ID
seems to increase frequency of BHS attacks. Iron substi-
tution could lead to a decrease in the frequency and
intensity of seizures in children with BHS, regardless
of their iron status suggesting an iron imbalance role in
the development of this disorder [50]. A possible causa-
tive role of ID could be attributed to increased activity of
serotonin and/or increased availability of sympathomi-
metic neurotransmitters due to a reduction of degrading
enzymes [51, 52]. In fact, even if the pathophysiology of
BHS remains unclear, autonomic nervous system dys-
function appears to play a role in its development [52].

Pica

Pica is an eating disorder characterized by the desire for and
ingestion of non-food materials (clay, soil, paper, laundry
starch, etc.) [53]. It is observed more frequently in children
and adult women [54]. Pica is described in many clinical set-
tings and differentiated from pagophagia (craving for ice). It is
not considered specific for ID and tends to occur mostly in the
setting of severe ID. However, pagophagia is considered quite
specific to ID and responds quickly to iron substitution [55].

Pica can also contribute to ID by reducing gut iron absorption,
depending on the substance ingested. The exact physiopathol-
ogy of pica associated with ID is not yet elucidated; however,
a decrease in the enzymatic activity of cyclooxygenase has
been reported [56].

Iron and physical performance

Several authors have described an increased prevalence of ID
among physically active people compared to non-athletic con-
trols [57]. Physical activity and in particular regular aerobic
exercise can lead to ID through different mechanisms. First,
among athletes, there is an increase of iron losses via sweat-
ing, the gastrointestinal system, and the urinary tract (mainly
related to hypoxia, increased blood pressure, acidosis, etc.).
Second, exercise-induced hemolysis can typically be observed
in runners, although it has also been described in swimmers,
rowers, or bikers [58]. Clinically, it is often difficult to differ-
entiate exercise-induced rhabdomyolysis from hemolysis,
which is rarer, and specific tests for myolysis should be per-
formed in settings warranting it. Third, exercise-induced in-
flammation has also recently been pointed out as potential
cause of reduced iron absorption, probably related to an in-
crease in hepcidin secretion induced by physical activity [59,
60]. Finally, an increase in exercise-related nutritional needs is
present in athletes [61, 62].

In parallel, a decrease in physical performance has been
reported in adolescents with IDA or IDWA, especially in en-
durance activities [63]. Indeed, athletic performance is influ-
enced by aerobic capacity and iron is involved in various
oxidative reactions leading to adenosine triphosphate (ATP)
production. In a study of college rowers, athletes with IDWA
displayed inferior physical performance and energy efficiency
compared to non-ID athletes [58, 62]. It has to be stressed that
to our knowledge, there is no literature on the effect of iron
supplementation on the athletic performance in non-anemic
children below the age of 13 years. There is a greater improve-
ment in endurance in aerobic exercise among young women
runners compared to unsubstituted athletes [57, 64]. A de-
crease in muscle fatigability was also observed in a cohort of
young sedentary women after substitution [65]. The effects of
substitution are seen mainly in the presence of severe ID [66].
Effect on oxygen consumption (maximum VO2 or VO2max)
after substitution has been demonstrated only in anemic sub-
jects. This parameter, being dependent on the delivery of ox-
ygen to tissues, is improved proportionally to the increase in
hemoglobin levels [57]. A recent meta-analysis confirms an
improvement in endurance activities in non-anemic athletes
after iron substitution in presence of severe ID (defined by
ferritin level < 20 mcg/L). In conclusion, there is currently
not clear scientific evidence supporting iron substitution in
athletes in the pediatric age-range with normal hemoglobin
and ferritin levels.
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Iron and the immune system

ID leads in vitro to an inhibition of maturation, proliferation,
and activation of lymphocytes with impairment of cell-
mediated immunity, and iron is a known co-factor in the syn-
thesis of myeloperoxidase and nitric oxide synthase, which are
implicated in the eradication of infectious pathogens [11]. The
clinical consequences of these abnormalities on the risk of in-
fection in children and the effect of iron substitution are cur-
rently unclear [67]. Some authors report of an increased risk of
reactivation of latent infections like malaria, brucellosis, or tu-
berculosis [68]. A systematic study focusing on children dem-
onstrated no effect (either reduction or increase) in the number
of infectious events following iron replacement treatments [69].
Further randomized controlled studies focusing on children
with ID are needed to clarify the direct causality of ID or the
benefit of iron substitution a child’s susceptibility to infection.

“Red flags” for iron deficiency with anemia

IDA-related symptoms usually have a gradual onset, and chil-
dren are frequently asymptomatic. Nevertheless, if the anemia
is severe, signs of severity (“red flags”) can appear, such as
dyspnea, palpitations, vertigo, tachycardia, syncope leading
potentially to hemodynamic instability, myocardial infarction,
heart failure, or stroke. If any of these symptoms occur, the
patient will need urgent medical attention and detailed evalu-
ation in order to exclude other causes or co-morbidities, as
well as optimal specific care with appropriate hemodynamic
support and potentially transfusion. The abovementioned
symptoms are not specific of IDA and can be noticed in others
forms of anemia. Therefore, in the clinical assessment of chil-
dren with anemia, pediatricians must be careful about the
presence of associated signs and symptoms, suggesting a dif-
ferential diagnosis that could require urgent medical attention.
These include:

& Jaundice ± splenomegaly suggesting hemolytic anemia
& Bleeding signs (ecchymoses and/or petechiae, hematuria,

rectorrhagia, epistaxis) suggesting a bone marrow in-
volvement, coagulopathy, or auto-immune condition

& Fever of unknown origin, recent weight loss (especially if
unexpla ined/undesi red > 10%), night sweats ,
hepatosplenomegaly, and/or lymphadenopathy suggesting
an oncological condition

& Additional laboratory abnormalities (i.e., thrombocytope-
nia, neutropenia, “bicytopenia”)

Risk factors for iron deficiency

Many epidemiological studies have shown an increased prev-
alence of ID in children at three time points: the neonatal

period, in preschool children, and in adolescents (especially
females) [23, 70]. In the neonatal period, the risk of ID is
increased after prematurity or intrauterine growth retardation.
It can be found when the initiation of solid foods ideally oc-
curring at 6–9 months of age is delayed [71]. The etiology of
ID in children and adolescents varies according to age and sex
(Table 2) and is mainly due to three key mechanisms: inade-
quate intake, malabsorption, and blood loss [72, 73]. In chil-
dren and adolescents, ID is mostly due to increased iron needs
related to growth and development (functional or physiologic
ID). Healthy children and adolescents may also be at risk of
ID because of diet restrictions (vegetarians, vegans) or elite
endurance activities (as discussed above) [74]. Although less
frequent in the pediatric population compared to adults, we
have tomention ID related to chronic inflammatory conditions
(observed in oncological disorders, inflammatory bowel dis-
ease [IBD], chronic renal failure, and other chronic inflamma-
tory diseases). Another very rare condition generally observed
in < 1:1,000,000 individuals in the general population is
genetic/inherited ID. The latter condition is usually associated
with a moderate microcytic hypochromic anemia, occurring
after the postnatal period: IRIDA (iron refractory iron defi-
ciency anemia). IRIDA is an autosomal recessive disease
caused by mutations in the transmembrane serine protease 6
gene (TMPRSS6) encoding matriptase-2 (MT-2) [75]. This
protease is responsible for the negative regulation of hepcidin,
the main regulator of ferric homeostasis. Hepcidin is a poly-
peptide secreted at the hepatic level, which induces endocyto-
sis and degradation of ferroportin (a transmembrane iron
transporter located at the basement membrane of enterocytes,
macrophages and hepatocytes), thus decreasing plasma trans-
fer of iron and its concentration [70, 76]. In IRIDA, patients
are unable to respond to ID by suppressing hepcidin expres-
sion and are refractory to oral iron substitution displaying a
partial response to intravenous treatment [75]. Studies are cur-
rently ongoing, aiming to identify new molecular alterations
in enzymes related to iron metabolism that potentially could
lead to iron deficiency anemia. [77]

Diagnosis of iron deficiency
with or without anemia

Testing for iron deficiency

The diagnosis of IDA/IDWA requires laboratory testing [74,
78]. We recommend testing for ID in presence of symptoms
suggestive of anemia or iron deficiency (as summarized in
Table 1). The American Academy of Pediatrics suggests a
routine screening for IDA for all children at the age of
12 months by using hemoglobin (Hb) concentration [79].
The European Society for Pediatric Gastroenterology,
Hepatology, and Nutrition and other European and North
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American societies do not recommend universal laboratory
screening for IDA in young children, citing lack of direct
evidence of the benefits or harms of such approach [3, 80,
81]. Nevertheless, all experts agree that a screening is recom-
mended in children and adolescents with signs and symptoms,
as listed in Table 1. The initial blood testing can be capillary
andmust include Hb, red blood cells (RBC), hematocrit, white
blood cells, platelets, as well as RBC indices (mean corpus-
cular volume [MCV], mean corpuscular hemoglobin [MCH],
mean corpuscular hemoglobin concentration MCHC]), RDW,
reticulocyte count, and ferritin (Tables 3 and 4).

& Hb: Hb levels will show the presence of anemia. Anemia
is defined by a reduced Hb value 5th percentile below the
normal hemoglobin value specified for that age [2].

& RBC indices: ID is defined by a decreased MCV, MCHC,
and MCH, with well-validated standards and little varia-
tion by age. A decrease in MCHC is frequently seen first
in ID. However, these are late and non-specific markers of
ID while a decrease in MCV is also observed in children
with thalassemia or inflammatory anemia [2, 82].

& RDW (red cell distribution width) provides the statistical
analysis of the standard deviation of the MCV. In ID and
IDA, the RDW is increased.

& Ferritin: Serum ferritin (SF) is the most specific marker for
the diagnosis of ID, as its concentration is proportional to
the body’s total iron stores [11, 76]. It is also the earliest
marker of ID. It is an inexpensive test and can be per-
formed with a very small amount of blood from a capillary
sample. Althoughmany studies andmost laboratories usu-
ally define a decreased SF at levels below 12–40 μg/L in
the general population [83], intervals used in clinical trials
have not been standardized [11, 84]. In addition, SF levels
vary with age. WHO defines ID as SF < 12 mcg/L in chil-
dren under 5 years of age and < 15 mcg/L in individuals
over 5 years of age [85]. For children aged 1 to 3 years, the
American Academy of Pediatrics recommends a threshold
value of SF < 10–12 mcg/L for the definition of ID [79].
Interpretation of SF levels in infants < 12 months is

difficult as distinct normal values exist for the first
6 months and are higher compared to older children, but
thresholds for ID are not well established in this age group.
Some authors recently suggested that the diagnostic accu-
racy of SF could be improved in young children by in-
creasing the cutoff to 18–24 mcg/L [86–89]. Previous
studies found significant differences according to the SF
measurement assay, making the comparison of SF results
from different laboratories very complex [90, 91]. Finally,
interpretation of SF levels can be difficult in cases of con-
comitant acute or chronic inflammatory conditions as SF
is an acute phase reactant and may be increased for weeks
during and after infection and inflammation [74].
Additionally, the concentration of SF increases after exer-
cise and can remain high for several days after maximum
effort [61].

& In situations where an inflammatory state or an infection is
clinically suspected upfront, C-reactive protein
(CRP)/erythrocytes sedimentation rate (ESR), in or-
der to exclude possible confounding modifiers of SF
level measurements.

Supplementary (second-line) testing

Additional diagnostic testing is seldom necessary in order to
better assess the presence and severity of ID in general pedi-
atric practice, but here are some frequently ordered assays:

& Serum iron concentration, total iron binding capacity,
transferrin saturation: In cases of ID, serum iron is re-
duced, and total iron-binding capacity is increased,
resulting in a substantial reduction in transferrin saturation
(i.e., the ratio of serum iron to total iron-binding capacity).
The threshold of 16% of transferrin saturation is generally
used to screen for ID, but there are age-specific variations
[5, 92]. These markers are, as SF, acute phase reactants
and could be poor indicators of ID in setting of inflamma-
tory diseases or infection. They are also variable during
daytime (i.e., serum iron).

& Serum soluble transferrin receptor (sTfR): sTfR derives
from proteolysis of the membrane transferrin receptor. In
case of ID, synthesis of transferrin receptors is increased,
leading to a corresponding increase in sTfR (Table 4). A
substantial advantage of measurement of sTfR compared
with other assays is that it appears to be less influenced by
ongoing inflammation [5]. However, this test is not avail-
able in all clinical laboratories; it is rather expensive and
non-standardization of the measure constitutes a major
disadvantage. Despite these restrictions, normal values
have been published for healthy children and adolescents
[92, 93].

Table 3 Normal ranges for Hb, MCV, Ferritin (Children’s Hospital,
Zurich, Switzerland)

Age Hemoglobin (g/L) MCV (fl) Ferritin (μg/L)

0–7 days 135–200 95–115 153–1092

8–30 days 100–160 85–100 247–692

1–3 months 95–145 85–100 148–744

4–9 months 95–135 75–95 21–240

9–24 months 105–135 75–85 10–168

2–16 years 115–150 77–85 10–99

> 16 years (females) 120–160 78–95 18–103

> 16 years (males) 130–170 78–95 16–213
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& Zinc protoporphyrin (ZnPP): In cases of iron depletion,
zinc transport across the intestinal barrier increases.
Thus, an increased concentration of ZnPP in erythrocytes
is associated with iron deficiency anemia [5]. Its increase
(> 70 μmol/mol heme in children < 5 years old and >
80 μmol/mol heme in > 5 years old) therefore indicates
ID-erythropoiesis [70]. ZnPP is also increased in lead poi-
soning or sideroblastic anemia. Unfortunately, this test is
not available in all clinical laboratories and is rather
expensive.

& Reticulocyte hemoglobin content (CHr or RET-He). CHr
is an early marker of erythropoietic activity because retic-
ulocytes are the first cells released into the circulation [94].
CHr is considered a real-time marker of functional ID, as
reticulocytes only remain in blood for 1 to 2 days. This is a
very sensitive and cost-effective test, available on
most of the new generation hematology analyzers
[93, 95]. This parameter has different names accord-
ing to the brand name of the analyzer (i.e., “RET-
He” for Sysmex machines, or “CHr” for ADVIA
machines). In children, a CHr cutoff of 27.5 pg
has high specificity and sensitivity for the diagnosis
of ID in infants and toddlers (< 28 pg in older chil-
dren and adults) [70, 92]

In cases of refractory ID/IDA after a trial of well conducted
oral substitution (cf. below sections on ID therapy), it could be
indicated to further investigate the following:

& C-reactive protein (CRP)/erythrocyte sedimentation rate
(ESR), in order to exclude infection or concomitant in-
flammatory disease, if not previously performed,

& Uristix and hemoccult in order to exclude urinary blood
loss gastrointestinal disease respectively.

& A clinical bleeding score and a gynecological consultation
should be performed in case of heavy menses (meno-
metrorrhagia) in female adolescents is always indicated.

If there is still persistence of ID/IDA despite a well-
tolerated oral substitution in a compliant patient/family, a con-
sultation with a pediatric hematologist is strongly advised.
The aim will be to rule out hemoglobinopathies or other pri-
mary erythroid/erythropoietic disorders, myelodysplastic syn-
drome, and B12 or folate deficiency. Abnormal iron absorp-
tion caused by gastrointestinal disease has been increasingly
recognized as an important cause of unexplained ID. The re-
cent availability of convenient, non-invasive screening
methods to identify celiac disease, autoimmune atrophic gas-
tritis, and Helicobacter pylori infection has greatly facilitated
the recognition of patients with these entities [96]. Iron ab-
sorption is often limited in short bowel syndrome after surgi-
cal resection and can be a first symptom of IBD. In addition, in
girls with IDA, an underlying menorrhagia (i.e., combined
with a coagulopathy such as von Willebrand disease) can also
be present [97].

Treatment of ID (IDWA and IDA)

Nutritional recommendations

In an asymptomatic child with ID alone, we recommend im-
proving the dietary iron intake, by educating the family and
providing nutritional recommendations. The best source of
iron in food is “heme iron” found at high concentrations in
animal sources with a bioavailability of about 20% (Table 5).
Non-heme iron is available from most food sources, albeit
with a lower bioavailability of about 5%. However, there are

Table 4 Parameters for iron
deficiency analysis, blood
volumes required and costs
(OFAS taxpoint values).
*Conversion CHF to EUR of
25.11.2019 and normal values of
serum ferritin by turbidimetric
assay (modified from Bohn et al.
2019 [90]); **could possibly
reflect a sub-cohort of iron-
deficient females

Iron deficiency Blood volume Cost (CHF/EUR*)

Serum ferritin (see values below) ↓ 0.1 mL 8/7

Age Female (picoml/L) Male (picoml/L)

0 to < 1 month 337 337

1 to < 6 months 19 19

6 months to < 15 years 31 31

15 to < 19 years 9** 47

Soluble transferrin receptor ↑ 1–3 mL 87/80

Zinc protoporphyrin ↑ or normal 4–5 mL 53/48

Serum iron Fluctuations during the day

Interpretation complex

1 mL 3/2

Blood count MCV ↓

Hb (normal to) ↓

RDW ↑

MCH ↓

0.2 mL 9/8

Reticulocytes ↓ 0.2 mL 13/12

534 Eur J Pediatr (2020) 179:527–545



good alternatives to heme iron with relatively high content of
iron, e.g., legumes such as lentils, chickpeas or white or soya
beans, wheat bran, or nuts. Iron absorption can be improved
by adding different forms of acid to food, e.g., ascorbic acid in
orange, lemon or grapefruit juice, or non-ascorbic acid sources
such as apples, grapes or gooseberries, lemons, pears, or rasp-
berries. Tannins in coffee, tea or wine, oxalate in spinach,
rhubarb or cacao, and phosphate in soda drinks have been
described as inhibitors of non-heme iron absorption. Most
importantly, proteins in milk or egg white also inhibit intesti-
nal iron absorption. In addition, macroglobulins in cows’milk
can cause intestinal microhemorrhage in newborns and tod-
dlers and bind and absorb iron-molecules in the gut [98, 99].

Oral iron therapy

Oral iron substitution is effective in the large majority of chil-
dren with IDA and should always be initiated when a clear-cut
laboratory diagnosis is established. Side effects can occur but
are never dangerous. Detailed education and information of
the family regarding possible side effects (constipation, some
upper GI-irritation initially, tainting of teeth) at the be-
ginning of therapy is strongly recommended, as it will
help to improve adherence.

Before starting oral iron therapy, correction of any under-
lying nutritional problem has priority. In toddlers, we recom-
mend reducing the intake of cows’ milk. In children who are
breastfed and/or receive formula, introduction of solid
nutrition is advised at the age of 6 months (iron and
vitamin content of breast milk > 4 months is by then
decreasing). In adolescents, we recommend reducing
the intake of tea, soft drinks/sodas or supplements of
phytates, oxalates, etc. Pediatricians need to be aware
of vegetarian/vegan diets and provide nutritional educa-
tion when appropriate. We recommend increasing daily
fluid intake. It is important to note that Fe2+ and Fe3+

are both active iron compounds; however, they need to
be dosed differently [100–102]:

& Oral Fe2+ supplementation: Give 2–3 mg/kg of elemental
Fe2+ iron, in one or two doses/day, half an hour before or
half an hour after the meal. Juice or water can be used to
improve taste.

& Oral Fe3+ supplementation: Give 3–5 mg/kg of elemental
Fe3+ iron, in one or two doses/day with meals (best is to
drink juice or water with it; polymaltose is a sugar com-
plex and needs to be dissolved in the gastric fluid to make
the iron available in the intestines).

For children, there are liquid iron and capsules/tablets
available. In older kids, consider also Fe2+ capsules/tablets
that get resorbed in the intestines. Iron preparations available
in Switzerland for children are listed in Table 6.

The recommended duration of oral iron substitution is 2–
3 months. Monitoring therapy response is only necessary in
cases with severe anemia or continuous iron losses (i.e., men-
orrhagia) or in case of suspected poor/insufficient adherence.
In patients with IDA, therapy duration should be adapted to
achieve normalization of Hb levels, MCV, and reticulocyte
counts but also replete iron stores (i.e., normalized SF levels
after correction of any anemia).

Actions in case of side effects or non-adherence

In our experience, switching from a Fe2+ to Fe3+ preparation
can occasionally be helpful. Pediatricians need to be aware of
the different dose recommendations (see above). If using Fe3+

preparations, consider changing from drops to suspension or
vice versa, as tolerance/adherence patterns might vary in indi-
vidual patients. Recent data from adult settings suggest that
switching to an alternate-day schedule (taking the iron supple-
ment every other day) might reduce GI side effects while still
providing an equivalently effective iron substitution
[103–105]. In fact, in a recent trial in adult anemic women
with ID, alternate day dosing of oral iron supplements was
shown to be more effective, as it increased fractional iron
absorption by avoiding the preserved physiological peak of
hepcidin, without any significant differences in the incidence
of gastrointestinal side effects [105]. While there no evidence
on alternate-day schedule dosing of oral iron in pediatrics,
such strategy could be explored clinically on an individual

Table 5 Animal and vegetal iron sources and iron content (modified
from reference [3])

Source Iron content (in mg Fe) per 100 g

Animal sources: bioavailability about 20%

Liver (pork or veal) 18

Dry beef 9.8

Shells 8.0

Egg yolk 5.5

Beef filet 2.3

Trout 2.0

Chicken 0.7

Vegetarian sources: bioavailability about 5%

Wheat bran 16.0

Seeds of sesame 14.6

Soya beans 9.7

Lentils 8.0

White beans 7.0

Dried apricots 5.2

Spinach* 2.7

Whole grain bread 2.4

Green beans 1.0

*Limited value due to oxalate content
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basis. A switch to IV iron should be restricted to cases with
severe anemia (Hb < 70 g/L) in order to avoid transfusion, in
cases with an underlying secondary disease fulfilling a formal
indication for IV iron (IBD, chronic GI/GU bleeding, celiac
disease, etc.) and/or in situations of non-adherence and
symptomatic refractory IDA with clinical impact. The
detailed indications for IV iron substitution in children
are discussed below.

Intravenous iron therapy

Intravenous (IV) iron infusion is the only alternative to oral
administration, as intramuscular iron injections have long
been abandoned due to their association with pain, abnormal
skin coloration, and the potential risk of sarcoma development
at the injection sites (observed in animal models). Main ben-
efits of IV iron therapy are (a) the avoidance of adherence
challenges related to taste and GI side effects and (b) the
bypassing of the intestinal mucosal barrier. In addition, the
hemoglobin response is better after IV iron infusion when
compared to oral iron, as documented in several studies [106].

Over the last two decades, there has been a significant
evolution in the quality of parenteral iron products. First-
generation IV iron preparations presented with unfavorable
safety profiles. Associated with severe acute reactions, they
were considered unsuitable for use in pediatrics. With iron
dextran for example, severe acute reactions (i.e., anaphylaxis,
respiratory arrest, and hypotension) occurred at a rate of ap-
proximately 1%, and thus, iron dextran was removed from the
markets in 1991. The boom in the development of IV iron
products resulted from the needs in the field of nephrology,
and the patients affected by renal failure requiring dialysis. In
this setting, the advent of recombinant human erythropoietin
created a requirement for improved parenteral formulation to
provide iron supplementation. In the mid to late 1990s, not
only two low/high-molecular weight iron dextrans, but also
two iron salts (ferric gluconate and iron sucrose) were li-
censed. The latter rapidly became market leaders, although
the low-molecular weight iron dextrans proved to be safe
[107, 108]. The most recent development has been in “opti-
mized” formulations, where a reduced number of infusions are
needed to achieve the delivery of an optimal dose of iron (i.e.,
ferric carboxymaltose), and short infusion times have been
proven to be safe. At this time point, two IV iron products
are available in Switzerland:

& Iron sucrose, authorized from the age of 3 years
& Iron carboxymaltose (ferric carboxymaltose, FCM), au-

thorized from the age of 18 years (and from 14 years in
Europe).

In adults, IV iron has been shown to (a) be a safe and
effective adjunct to erythropoietin stimulating agents in

chemotherapy induced anemia or dialysis for chronic kidney
disease, (b) improve anemia in patients who underwent bar-
iatric surgery, (c) be more effective and less toxic than oral
iron in patients with ID associated to obstetrical and gyneco-
logical disorders, (d) correct anemia in patients with chronic
bleeding where the iron loss is greater than oral iron can sup-
ply, or (e) be effective in those who are intolerant of oral iron
formulations. Data on these areas of IV iron use is available in
many reviews out of the scope of this paper and still in con-
stant evolution. In fact, a recent systematic Cochrane review
has for example challenged the role of IV iron in reducing
postoperative transfusions when administered preoperatively
to anemic patients undergoing elective surgery [109].

Safety of IV iron in children

Although most safety data for IV iron at this time results from
studies in adults, the reported incidence of side effects (mainly
anaphylactic reactions) with newer generation IV iron prod-
ucts is lower than for previous generation agents (such as high
molecular weight dextrans). Data from studies in adults show
that IV iron is contraindicated in the course of infections, in
the first trimester of pregnancy, and in patients with a history
of iron or of another significant (i.e., anaphylactic) drug aller-
gy. Immediate side effects of an IV iron infusion can be nau-
sea, vomiting, headache, flushing, myalgia, pruritus, arthral-
gia, and back and chest pain. Hypophosphatemia can be ob-
served but is usually transient and asymptomatic, and there are
no guidelines on its prevention. Sometimes, skin complica-
tions have occurred at the site of injection in children even
with the recent generation formulations [110]. The only data
available on long-term toxicities of IV iron use are from adult
hemodialysis patients, where numerous analyses have identi-
fied no long-term morbidity or increased incidence of infec-
tions [111–113]. In adults, the observed persistence of very
high SF levels (> 500 mcg/L) for 1–2 weeks after IV iron
(carboxymaltose) seems to be without consequences [114].

There has been a very significant increase in the evidence
supporting the safety of parenteral iron products in children
over the last decade [115, 116]. A retrospective analysis of IV
iron administered to patients for iron replacement therapy at a
tertiary pediatric hospital (nephrology patients excluded)
showed that in a total of more than 1000 doses administered
to almost 200 patients over 6 years, a majority of patients
(approx. 70%) required multiple infusions and dosing was
highly variable, ranging from 1.3 to 1030 mg per infusion
[117]. Specialties mostly involved were gastroenterology
and hematology, with IBD as the most frequent indication.
Premedication use was infrequent (approx. 10% of doses),
and no severe infusion-associated reactions occurred. These
data show that IV iron is commonly prescribed by certain
pediatric specialties, but there is little standardization in the
indications, formulations, or dosing. These data suggest that
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IV iron could be considered a safe alternative for iron defi-
ciency treatment in pediatrics when oral iron is either unsuc-
cessful or (as in rare occasions) contraindicated. No long-term
follow-up evidence of increased SF levels in children post-IV
iron infusion is available, and therefore, their potential impact
is unknown. Interestingly, in the recent German KIGGS study
where laboratory results were correlated with information
from interviews with children and parents, it also found infe-
rior psychosocial parameters (i.e., quality of life assessment
scores, peer interaction and school performance) in children
with high (> 97th percentile) ferritin and low (< 10th percen-
tile) sTFR levels [118, 119]. This could suggest a potential
adverse effect of long-standing hyperferritinemia and a need
for a more stringent indication for recurrent intravenous iron
administration or at least attentive post-marketing follow-up.
However, no long-term prospective studies have been pub-
lished so far on this matter.

Safety precautions for the IV administration of iron
to children

Some precautions are required for the safe administration of
IV iron products. Recommendations on how to minimize the
risk of IV iron infusions in adults have been published [120].
They include careful patient monitoring (pre- to post-admin-
istration) in an adequate clinical environment with trained
staff, slower infusion rates, and requirement of standing
premedication. Our group recommends that, in children, an
IV iron infusion should be performed on the order of a spe-
cialist with expertise and experience (in pediatric iron metab-
olism incl. pediatric life-support, PALS), having established
an indication after a clinical and paraclinical assessment, un-
der monitoring of vital parameters, in a structure equipped
with adequate pediatric-specific resuscitation devices and in-
frastructure [121]. Our group recommends that anti-
anaphylaxis medications (i.e., antihistamines, steroids and
epinephrine) should be available and ready to use without
delay when IV products are infused in children. Our group
strongly opposes the concept of “iron infusion clinics” for
children and adolescents, as they constitute potential hurdles
in the timely and accurate diagnosis of harmful underlying
conditions in this vulnerable age group. Our recommendation
is that patients receiving IV iron in the pediatric age should
always benefit from consultation of pediatric hematolo-
gist (or specialist of iron metabolism) and specialist of
any underlying condition.

Pediatric areas with clear indications for intravenous
iron use

First, in patients with IBD in whom oral iron worsens bowel
symptoms, IV iron has been shown to be an effective, safe,
and a less toxic alternative [122–126]. This is also the case for

more recent formulations as ferric carboxymaltose. In a recent
study, 101 children affected by IBD with IDWA or IDAwere
treated prospectively [127]. Following the iron infusion, 64%
of patients with IDA had resolution of anemia, with 81%
showing resolution for ID without anemia. Importantly, in this
inflammatory context, elevation of C-reactive protein was
shown not to influence the resolution of IDA, but this was
not the case in ID alone. This data has been confirmed in its
safety aspects by others [128].

Second, children undergoing dialysis for chronic kidney
disorders benefit from IV iron, and there is evidence to show
that it is safe and effective to administer it in such a setting
[129–134]. This might be the case also for children with
chronic kidney disease not yet receiving erythropoietin stim-
ulating agents [135]. In children after renal transplantation, IV
iron has been shown to be effective and safe [136, 137]. This
could be of value for other solid transplant recipients [138].
The rapid infusion of IV sucrose has been proven safe in
children with chronic kidney impairment [139].

Third, recently IV iron has even been shown to correct the
symptoms of patients with RLS in both ID and iron replete
individuals [48, 140, 141]. The International Restless Leg
Syndrome Study Group (IRLSSG) task force, based on clini-
cal experience and solid data in adult RLS, recommends that
IV iron sucrose (3–6 mg/kg; max 120 mg) can be considered
for pediatric RLS/Periodic Limb Movement Disorder
(PLMD) if performed in the setting of an infusion center with
pediatric experience and provided the following occur: a prior
oral iron treatment of at least 3 months has not produced an
adequate benefit or was discontinued because of adverse ef-
fects and there has been no appreciable rise in serum ferritin
levels with 3 months of oral iron treatment. IV iron can be
considered without a prior oral iron trial if significant comor-
bidity is present that will impair iron absorption. A serum
ferritin ≥ 50 mcg/L is considered an adequate therapeutic tar-
get in children.

Areas in which IV iron use is debated

The role of IV iron administration in children with IDA as a
first-line therapy has been debated for many years [142, 143].
A retrospective review of 37 children with IDA refractory to
oral iron effectively showed the ease of administration and
effectiveness of IV iron sucrose to correct the anemia [144].
Interestingly, the majority of these children had gastrointesti-
nal toxicity from oral iron preparations. In a retrospective
cohort study, a total of 116 IV iron carboxymaltose infusions
were administered to 72 patients with IDA refractory to oral
iron and were shown to be safe and highly effective in a small
yet diverse population of infants, children, and adolescents
[145, 146]. Smaller monocentric retrospective studies also
suggest similar safety profiles and suggest that patients with
malabsorption (not otherwise specified) can benefit from such
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an approach [147, 148]. Interestingly, benefit was also noted
when the IV product used was not one of the most recent
generation [149, 150]. In a Turkish single center prospective
study, a small (n = 62) cohort of children with pre-operative
IDA, where oral iron administration was considered not fea-
sible for reasons ranging from poor adherence to socio-
cultural factors, was given IV iron sucrose [151]. Results
showed a rapid increase in hemoglobin and a notable rate of
12% of adverse events, the majority of whom were minor
(rashes, fever, irritability). Nonetheless, the question of pre-
operative IV iron versus oral iron or red cell transfusion has
not been addressed in a prospective, randomized fashion and
little published evidence exists to guide decision-making for
children.

In physically very active children (i.e., young athletes), the
use of IV iron has been the focus of much debate. A recent
consensus paper of the Swiss Society of Sports Medicine has
reviewed ironmetabolism in athletes in detail, and has defined
specific cutoff values suggesting ID/IDA, but has refrained
from recommending anything else than oral iron supplemen-
tation [152]. It is worth of note that IV iron infusions in ath-
letes have to respect the anti-doping regulations of the World
Anti-Doping Agency if these individuals desire to participate
in competitive events.

In neonates and young toddlers, there is discussion
about possible oxidative stress induction to blood com-
ponents and endothelial structures. Several authors do
recommend to avoid intravenous iron in neonates and
infants [153].

IV iron use in IRIDA versus URIDA

In a Turkish single center prospective study, a small (n = 11)
cohort of children with oral IRIDA (with TMPRSS6 muta-
tions) was analyzed tomeasure the response to IV iron sucrose
therapy [154]. Both Hb and SF levels increased after therapy,
but surprisingly, SF continued to increase at 6 months after the
first and 6 weeks after the second infusion, respectively, sug-
gesting that in such setting, continued administration of IV
iron would be of no benefit to increase Hb levels but could
further lead to long-lasting hyperferritinemia. A follow-up
study compared these findings with the same intervention per-
formed in a cohort of 15 children with unexplained refractory
iron deficiency anemia (URIDA) [155]. The results sug-
gest that the response to IV iron therapy in URIDA was
more significant that in hereditary IRIDA and that mea-
suring the response to parenteral iron therapy would be
helpful to distinguish these conditions when hepcidin
assays or TMPRSS6 mutation analysis are not routinely
available. Until the biology behind those therapy re-
sponses are better understood, we do not recommend
using IV iron infusion as a mean to diagnose, confirm, or
distinguish IRIDA/URIDA.

Post-infusion efficacy verification

The efficacy of the parenteral iron treatment can be measured
by the reticulocyte response (increased reticulocyte levels)
after 5–10 days from the infusion. An increase in the CHr
has also been observed by various authors: for some, an in-
crease in CHr is described as early as 48 h but in any case,
within 2 weeks of the infusion. An iron status assessment
should nevertheless be repeated after 8–12weeks in parenteral
iron therapy to verify SF levels and exclude persistent
hyperferritinemia.

Cost-effectiveness

Cost-effectiveness and reimbursement issues should be
discussed openly with the families. Of note, certain healthcare
insurances refuse coverage for IV iron formulations in chil-
dren, especially when their use is “off label.” In fact, costs
vary, and all IV formulations are substantially more expensive
than oral iron therapy, excluding the costs related to the asso-
ciated clinical surveillance (Table 7). A study in Switzerland
has shown that the healthcare costs related to IV iron infusions
have markedly increased (by 340%)during the 5-year obser-
vation period and the number of individuals treated as well (by
244%) [156]. It appears that more than 8% of IV iron infusions
were administered without prior laboratory analysis and must
therefore be regarded as off-label use. This explosion in use
and cost occurred without a cost-benefit analysis demonstrat-
ing the additional value of IVover oral iron supplementation
in these patient populations.

Summary of recommendations for IV iron
supplementation in children

IV iron administration can be considered as first-line strategy
in the following specific situations:

& Chronic intestinal inflammatory disease or situations with
proven malabsorption

& Chronic kidney disease on hemodialysis under ESA or
without ESA

& Chronic bleeding/spoliation with an uncorrectable etiolo-
gy, where oral therapy is insufficiently effective or
contraindicated

Treatment with IV iron in children is currently possible
according to international guidelines as a second-line
strategy after consultation with a specialist in pediatric
iron metabolism (certified pediatric hematologist) under
specific conditions:

& Failure to achieve correction of IDA after well-conducted
oral iron substitution, in the setting of good adherence (at
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least 6 months of prescrived supplementation, and two
formulation attempts)

& Confirmed malabsorption or chronic oral iron intolerance,
including the category of children with severe
neurological/neurodevelopmental impairments leading to
feeding limitations

Contraindications for IV iron in children

Contraindications for IV iron use are:

& Presence of an active/acute infection
& Personal history of drug anaphylaxis/allergy
& Tractable comorbidity explaining the signs and symptoms

(i.e., neurological, psychiatric and psychosomatic/
functional disorders)

& A desire to increase school/academic or sports perfor-
mance (constituting de facto “doping”) in the absence of
laboratory tests confirming ID

Thresholds and dosing of IV iron in children

Thresholds for IV iron supplementation should be the identi-
cal to those for oral iron use once a clear indication (see above)
is met, unless there is an underlying condition where the in-
terpretation of iron stores is limited/impossible or the condi-
tion’s clinical impact warrants differently. The amount of iron
to be substituted is based on the patient’s weight and should be
calculated according to the Ganzoni formula (Table 8; also see
Swiss Drug Compendium, a pediatric specific calculation
system is available).

Recommendations regarding IV product choice
in children

Choice of the IV product should be based on the indications
listed in the approved drug list (LS: LSpec/SpezL for
Switzerland http://www.spezialitaetenliste.ch, or the Swiss
Drug Compendium, www.compendium.ch). As such, the
only product registered for children in Switzerland is iron

sucrose. Off-label use can exceptionally be considered for
other registered products on the LS, but warrants careful dis-
cussion, expert involvement, and consideration of risk/benefit.

Regarding the off-label use of IV iron, it needs to be stated
clearly that the prescribing physician assumes all responsibil-
ity of any resulting serious adverse event, and informed con-
sent is imperative as for all procedures and medications.

Recommendations on the monitoring of post-IV iron
therapy in children

The need for clinical and laboratory follow-up of post-IV iron
therapy in children depends on the underlying indication(s)
for replacement and/or supplementation, the chosen IV iron
formulation, as well as the patient’s clinical response to and
tolerance of the drug. In pediatric clinical practice, the two
following scenarios are most frequently encountered:

First, in children where a chronic co-morbidity (e.g., IBD)
causes a prolonged requirement of IV iron supplementation, the
administration and follow-up schedule will need to be deter-
mined by the clinical course of the underlying condition (e.g.,
presence/severity of IBD-related GI blood loss) and/or the pa-
tient’s individualized need for IV iron therapy over time. Acute
and chronic phases of the underlying condition modulate the
need for surveillance and the schedule of IV iron infusions.
Disease-specific recommendations for the monitoring of IV iron
therapy should always be followed when available, and evidence
is growing in many pediatric areas of care. Their review is be-
yond the scope of this paper. Nonetheless, we strongly recom-
mend the involvement of a pediatric hematologist or iron metab-
olism specialist in such situations. She/he should actively discuss
and collaborate with the subspecialist responsible for the care of
the underlying disease in managing the patient and designing
effective and safe IV iron infusion schedules. In situations with

Table 7 Brand name and costs for IV iron preparations available in
Switzerland (according to Swiss Drug Compendium und List of
Specialties (LS), conversion CHF to EUR of 25.11.2019); *as calculated

by the Ganzoni Formula (Table 8), excluding the costs of provision of care.
All of the products listed herein are given for information only and do not
represent an endorsement or specific recommendation by the authors

Brand name Dosage Price
(in CHF)

Price
(in EUR)

Price per mg
(in EUR)

Price for therapy of a 30 kg
child with Hb of 8 g/dL (810 mg)*

Comments

Venofer 100 mg/5 mL 22.70 20.70 0.2 162 Registered for children > 3 years

Ferinject 100 mg/2 mL 35.50 32.30 0.3 243 Off-label in children

Ferinject 500 mg/10 mL 164.30 149.5 0.3 243 Off-label in children

Table 8 Calculation of IV iron in children (Ganzoni formula)

Total iron deficiency [mg] = Cumulative total dose =
Body weight[kg] × (Target Hb − Measured Hb)[g/dL] × 2.4

+ iron reserves [mg]

Target Hb and iron reserves:
Body weight < 35 kg: Hb target 13 g/dL; iron stores 15 mg/kg
Body weight ≥ 35 kg: Target Hb 15 g/dL; iron stores 500 mg

540 Eur J Pediatr (2020) 179:527–545

http://www.spezialitaetenliste.ch
http://www.compendium.ch


insufficient pediatric data, evidence can sometimes be extrapo-
lated from the adult literature, and guidance safely used in chil-
dren. To serve as an illustrative example, adult patients with IBD
should be monitored for ID on a monthly basis while in active
disease status as a minimum. In clinically controlled IBD, recur-
rence of ID should be excluded every 3 months for at
least 1 year following correction of iron stores and at
least every 6–12 months thereafter. Laboratory tests
should include Hb, SF, transferrin saturation, and CRP.
Drops of SF or Hb below normal ranges should trigger
iron therapy. These recommendations are frequently
used for the monitoring of IV iron therapy in children
with IBD and have proven to be reliable in the preven-
tion of ID in this condition.

Second, in children where IV iron therapy is used for indi-
cations that remain debated, follow-up will depend on the
desired clinical result and the chosen product, but a clinical
exam with laboratory testing including a complete blood
count with reticulocytes and an iron panel 1-month post-infu-
sion is recommended and constitutes the minimum. In this
setting, patients and their families should always be encour-
aged to re-consider transitioning back to oral iron therapy as
soon as possible. Any additional IV iron dose will have to be
carefully discussed, as indicated above.

Conclusion

Iron deficiency with and without anemia is a common issue in
childhood. In this review, we provide concrete management
recommendations for the pediatrician based on the best evi-
dence available, including diagnosis and therapy, both for oral
and intravenous administrations. These considerations and
recommendations result from the consensus of a group of
Swiss pediatric hematologists. Of course, pediatric medicine
is an ever-changing field, and it is the responsibility of the
treating pediatrician who relies on experience and knowledge
about his/her patient to determine the best diagnostic or treat-
ment for his/her patient.
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