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Abstract In the paediatric population, ferric carboxymaltose
(FCM) is only licenced for use in children older than 14 years,
and the data in younger children remains scarce.We retrospec-
tively reviewed data of all paediatric patients less than 14 years
old who had received FCM infusion from August 2011 to
June 2015 at the John Radcliffe Hospital (Oxford University
Hospitals), UK. The patient demographics, significant medi-
cal history, FCM dose, and blood investigations (pre-FCM
and post-FCM) were reviewed. Of the 51 children, 41 had

inflammatory bowel disease. There were 24 girls and 27 boys,
aged 1 to 13 years, mean (SD) weight 28.4 (13.6) kg. Fifteen
patients received at least one more course of FCM up to
35 months later. The time interval between pre-FCM and
post-FCM investigations was 1 to 8 months. An improved,
median (range) rise in blood indices following one FCM in-
fusion was haemoglobin 2.7 (− 2.4 to 7) g/dL, serum iron 6.6
(− 0.6 to 21.1) μmol/L, and transferrin saturation 14 (− 14 to
38)%. No adverse outcomes were documented.

Conclusions: FCM was effective in increasing the key
blood indices with no adverse outcomes in children less than
14 years of age, with a range of different conditions, majority
with gastrointestinal disorders such as IBD.

What is Known:
• Ferric carboxymaltose (FCM) given via the intravenous (IV) route has

been usedwidely in adults for the treatment of iron deficiency anaemia.
• Sparse data exists on FCM use in paediatric population, including

young children

What is New:
•FCM infusion should be considered as ameans of iron administration in

the paediatric population less than 14 years of age
• No adverse outcomes were recorded following FCM in a young

paediatric population (less than 14 years of age); the majority of
whom had gastrointestinal disorders

Keywords Intravenous ferric carboxymaltose (FCM) . Iron
deficiency anaemia (IDA) . Paediatric . Safety . Efficacy

Abbreviations
ESR Erythrocyte sedimentation rate
FCM Ferric carboxymaltose

Communicated by Mario Bianchetti

* Michelle Li Nien Tan
michelle_ln_tan@nuhs.edu.sg

Paul-Michael Windscheif
paulm.windscheif@googlemail.com

Graham Thornton
gcdthornton@gmail.com

Ed Gaynor
edgaynor@gmail.com

Astor Rodrigues
astor.rodrigues@ouh.nhs.uk

Lucy Howarth
lucy.howarth@ouh.nhs.uk

1 Department of Paediatrics, Yong Loo Lin School of Medicine,
National University of Singapore, Singapore, Singapore

2 Khoo Teck Puat-National University Children’s Medical Institute,
National University Health System, Paediatrics 1E Kent Ridge Road,
NUHS Tower Block, Level 12, Singapore 119228, Singapore

3 Department of Paediatric Gastroenterology, Oxford University
Hospitals Trust, Oxford, UK

Eur J Pediatr (2017) 176:1419–1423
DOI 10.1007/s00431-017-2995-8

mailto:michelle_ln_tan@nuhs.edu.sg
http://crossmark.crossref.org/dialog/?doi=10.1007/s00431-017-2995-8&domain=pdf


IBD Inflammatory bowel disease
IV Intravenous
IDA Iron deficiency anaemia

Introduction

Iron is the most common nutritional deficiency worldwide,
both in developing and developed countries [1]. Iron deficien-
cy anaemia (IDA) has been associated with poorer
neurocognitive development in toddlers [10]. The best pre-
ventive measure for IDAwould be a balanced and diversified
diet with iron-rich foods. Yet, when these measures fail or
prove insufficient, oral iron supplements are commonly used
in the management of IDA. Unfortunately, side effects such as
constipation, abdominal discomfort, and nausea often result in
poor compliance to oral supplements. Oral iron also poses
challenge in children with gastrointestinal (GI) disorders such
as inflammatory bowel disease (IBD), since absorption of oral
iron in these children may be hampered by the inflamed intes-
tines. Given the high (40–70%) prevalence of anaemia in chil-
dren with IBD [3], the parenteral route of iron administration
is often considered in this population.

Ferric carboxymaltose (FCM; Ferinject®), given via the
intravenous (IV) route, available in Europe since 2007 [12],
has been used widely in the adult population for treatment of
IDA. In adult patients with IBD, the evidence of safety and
efficacy of IV iron has been well established. However, in
paediatric population, FCM is only licenced for use in chil-
dren older than 14 years. Although, some off-label use of
FCM is reported in children below 14 years, the results are
combined for the entire paediatric group up to 18 years [4, 7,
11]. Data on FCM use in young children (< 14 years) is sparse
[9].

We aimed to review a series of paediatric patients < 14 years
of age treated with FCM to evaluate its effectiveness and
safety profile.

Methods

This was a retrospective case review of all children < 14 years
of age who received FCM infusion from August 2011 (time
when FCM use began in this specific group of children) to
June 2015 (time when the data was abstracted), based on a
search of pharmacy records of FCM administration at the John
Radcliffe Hospital (Oxford University Hospitals), a tertiary
care centre in the United Kingdom (UK). Being an
anonymized, retrospective review of medical records, ethical
approval was not required for the study as per the hospital
policy.

Patient data was retrieved from the hospital database
system and manual review of case records. Data collected

included patient demographics, significant medical history,
FCM dose, and blood investigations (pre-FCM and post-
FCM) including full blood count, iron profile (iron, trans-
ferrin saturation), and erythrocyte sedimentation rate
(ESR). Post-FCM blood investigations were done at least
1 month following the infusion.

Children with confirmed IDA received FCM infusion as
per the protocol designed by the paediatric pharmacy team
from the Oxford University Hospitals. For the purpose of
this study, the diagnosis of IDA was based on physicians’
documentation in the case notes. Physicians had diagnosed
IDA primarily based on the clinical picture and blood in-
vestigations such as haemoglobin level and iron panel. A
dose of 15 mg/kg (maximum 20 mg/kg) was used and
infused over 30 min intravenously. Children received the
infusion as a day procedure in the ambulatory ward on an
outpatient basis or opportunistically during their inpatient
admission for other reasons. All patients who received
FCM were monitored in the ward for at least 4 h post-
infusion. During drug administration and until the end of
observation, parameters such as oxygen saturation, heart
rate, blood pressure, temperature, and any adverse reac-
tions were closely monitored. These parameters and ad-
verse reactions (if any) would be documented by the nurse
during the administration.

The data was descriptively summarized.

Results

Fifty-three children (53% male), median age 10.7 years, re-
ceived 72 FCM infusions during the study period. A pair of
siblings with homozygote TMPRSS6 mutation consistent
with iron refractory iron deficiency anaemia [5] was excluded.
Data of 51 children were analysed—41 had IBD, 5 had severe
anaemia due to dietary insufficiency, 1 anaemic child being
investigated for intestinal tuberculosis, and 4 on parenteral
nutrition were reported to receive IV FCM (Table 1).

The mean iron dose was 677 mg (50 to 1000 mg) per
patient. The pre- and post-FCM median (range) haemoglobin
was 8.9 (3.7–12.8) g/dL and 12.2 (8.7–14.7) g/dL, respective-
ly. The rise in haemoglobin calculated for the 48 children for
whom, both pre and post values were available, was 2.7 (− 2.4
to 7) g/dL. Data for other blood indices is given in Table 1.
The pre and post values of iron, transferrin saturation, and
haemoglobin for individual patients are presented in Fig. 1.
One patient with inflammatory enteritis and one with very
early onset IBD did not show improvements in the measured
parameters likely due to their underlying disease.

Fifteen patients received at least one more course of FCM
up to 35 months later, during the reported period. The mean
interval between repeat FCM infusions was 12 months (range
3 weeks to 35 months).
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No early or late adverse reactions were recorded in the case
notes during the 4 h of observation. Four IBD patients had
flares of their disease at the time of FCM infusion, and 18
patients were given FCM within 1 month from the time of
acute diagnosis. Yet, based on records of the case notes, the
infusion did not seem to worsen their disease or increase
infection-related complication, as there was no documentation
of sepsis or bacteraemia.

Discussion

Our study found that children under 14 years of age receiving
FCM experienced no adverse outcomes, and the majority ex-
perienced an improvement in haemoglobin concentration and
iron indices.

Similar observations are also made in previous studies de-
scribing the use of FCM in children. A study involving 72

patients in Germany (median [range] age 13.5 years
[11 months to 18 years]), all with IBD or other gastrointestinal
disorders [7] reported haemoglobin increment of 2.4 g/dL
(mean haemoglobin 9.5 g/dL at baseline to 11.9 g/dL within
5–12 weeks post FCM). A more recent study published in
2016 from Texas, USA also showed the improvement in
haemoglobin level after FCM infusion in children with IDA
[11]. The study included 72 patients (median [range] age
13.7 years [9 months to 18 years]) given 116 FCM infusions.
Median pre-infusion and post-infusion haemoglobin values
were 9.1 and 12.3 g/dL, respectively (at 4–12 weeks after
initial infusion; n = 53) [11].

Improvements in haemoglobin and iron indices potentially
reduce the requirement for red blood cell transfusions. Adult
studies have also shown that quality of life can be indepen-
dently improved by higher haemoglobin concentrations [8].
IV iron is certainly more effective than oral iron, particularly
in the setting of acute or chronic inflammation [2, 8]. It

Table 1 Characteristics of patients and pre and post blood indices

Characteristics of patients (N = 51)

Females 24

Males 27

Age at time of the first FCM dose (mean ± SD)a 0.16 to 13 (8.82 ± 4.28) years

Children less than 5 years old 13

Weight (mean ± SD)a kg 28.4 ± 13.6

Mean ESR pre-FCM (SD, range) mm/h 35.5 (35.78, 1–140)

Patients’ disease profile:

(a) IBD 41

• Crohn’s disease
• Ulcerative colitis
• IBD-unclassified
• Very early onset IBD

15
12
6
8

(b) Dependent on parenteral nutrition 4

• Short-bowel syndrome due to gastrochisis and necrotizing enterocolitis 2

• Chronic diarrhoea due to microvillus inclusion disease and inflammatory enteritis 2

(c) Severe anaemia due to dietary iron insufficiency 5

(d) Anaemic patient who was being investigated for intestinal tuberculosis (presented with fever,
weight loss, and diarrhoea)

1

Blood indices

Pre-FCMb

[n]
Median (range)

Post-FCMb

[n]
Median (range)

Rise
[n]
Median (range)

Haemoglobin (g/dL) [n = 48]
8.9 (3.7–12.8)

[n = 51]
12.2 (8.7–14.7)

[n = 48]
2.7 (− 2.4 to 7)

Serum iron (μmol/L) [n = 33]
3.0 (1.1–11.5)

[n = 37]
10.6 (2.1–23.7)

[n = 27]
6.6 (− 0.6 to 21.1)

Transferrin saturation (%) [n = 26]
4.5 (1–29)

[n = 35]
17 (2–45)

[n = 20]
14 (− 14 to 38)

a The youngest child was 2 months and 5 days old with a weight of 3.6 kg when she received a FCM dose of 54 mg. She was antenatally diagnosed with
gastroschisis and underwent surgical repair on day one of life with no bowel resection. Her anaemia was a result of poor nutritional status with difficulty
in feeding post-surgery
b Time interval between pre-FCM and post-FCM investigations was 1–8 (mean 2.4) months
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bypasses the effects of hepcidin—an inhibitor of gastrointes-
tinal iron absorption. Some evidence from animal and human
studies also suggests that luminal iron exposure may exacer-
bate intestinal inflammation [6].

Although side effects such as hypersensitive reactions, nau-
sea, dizziness, or headache have been associated with FCM
infusions [12], there were none recorded by the medical per-
sonnel in this retrospective review.

Of the five, other IV iron preparations available in the
European market, FCM is one of the newer IV iron prepara-
tions. It can be infused rapidly (15–30 min) and at higher
doses (< 1000 mg). This reduces the number of infusions
required, making it particularly suitable for ambulatory man-
agement as well as time-saving. Thus, although the drug itself
may be the most expensive, there may be cost savings in terms
of decreased ancillary costs associated with its use.

We acknowledge several limitations of our study, given
the retrospective observational nature of it. Repeat blood
indices were done during the child’s clinical review which
could occur between 1 and 8 (mean 2.4) months after the
FCM infusion. Hence, improvement in haemoglobin and

iron profile could have been compounded by treatment of
underlying active disease, improved diet, or oral supple-
mentations which we cannot confirm. The converse is
also true; patients could have worsening of their GI dis-
ease such as GI blood loss or other comorbidities that can
worsen the blood indices during this time period.
Unfortunately, limiting the time frame would mean reduc-
ing the sample size of the study. We also did not report
the mean ferritin level in our study, since this marker is
often elevated in acute inflammation. Nonetheless, the
blood profile in the majority of children did show im-
provement following FCM infusion. Additionally, the
documentation of adverse events was not done using a
specific protocol but was limited to comments recorded
in the medical records.

Our study serves to provide insight into the tolerance and
effectiveness of FCM in clinical practice. Future, prospective,
controlled studies would add more strength to the conclusions
that can be drawn about FCM use in children < 14 years.

To our knowledge, this is the first case series reporting
the safety and efficacy of FCM usage in a young cohort of

Fig. 1 Pre- and post-values of the a iron, b transferrin saturation, and c haemoglobin
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children (under 14 years of age) in the UK with condi-
tions related to GI illnesses and dietary insufficiency. Our
data has shown encouraging results and good safety. FCM
infusion should be considered as a means of iron admin-
istration especially in paediatric patients with GI condi-
tions resulting in IDA, even in younger children.

Conclusions

FCM was effective in increasing key parameters such as
haemoglobin, serum iron, and transferrin saturation. There
were no adverse outcomes following FCM in the paediatric
population < 14 years of age, majority with GI disorders such
as IBD.
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