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Abstract: Iron deficiency (ID) is by far the most common nutritional disorder in developing and developed 

countries. When left untreated, ID leads to anemia. Although the usual recommended treatment for iron 

deficiency anemia (IDA) is oral iron therapy with countless products, such therapy necessitates administration 

for >3-6 months with questionable patient compliance since most oral iron products have an unpleasant 

metallic aftertaste and cause intestinal side effects. In addition, in certain gastrointestinal conditions, such as 

inflammatory bowel diseases or untreated gluten-sensitive enteropathy, oral iron therapy is contraindicated or 

unsuccessful. Intravenous iron is considered safe in adults, where adverse events are mild and easily managed. 

The experience with parenteral iron in children is much more limited and many pediatricians appear reluctant 

to use it because of uncorroborated fears of serious anaphylactic reactions. In the current article, we thoroughly 

review the available pediatric literature on the use of all commercially available parenteral iron products except 

ferumoxytol, which was recently removed from the market. We conclude that parenteral iron appears to be 

safe in children, it works faster than oral iron and the newer third-generation products allow replacement of 

the total iron deficit at a single setting.  

Keywords: iron deficiency; iron deficiency anemia; intravenous iron; iron sucrose; ferric 

carboxymaltose; iron isomaltoside; inflammatory bowel diseases 

 

1. Introduction 

Iron deficiency anemia (IDA) is the most common hematologic condition in children and 

adolescents worldwide,1,2 and limited evidence shows substantial variability in its management. A 

20-question electronic survey that solicited responses to a hypothetical case of nutritional IDA in a 

toddler by members of the American Society of Pediatric Hematology/ Oncology showed that most 

respondents would prescribe oral ferrous sulfate (84%).3 For an adolescent with heavy menstrual 

bleeding and IDA, most physicians recommended oral ferrous sulfate (83%). For IDA refractory to 

oral treatment, intravenous iron therapy was recommended most frequently, with 48% 

recommending iron sucrose (IS), 17% ferric gluconate, and 15% low molecular weight iron dextran 

(LMWID).3  

Oral iron therapy has serious limitations which include poor absorption and non-adherence due 

to frequent gastrointestinal side effects.4 Moreover, IDA is very common in the setting of 

inflammatory bowel diseases (IBD), especially in children. It is a frequent cause of hospitalization in 

these patients, it prevents physicians from discharging hospitalized patients and impacts disease 

progression and healthcare resource utilization.5  

Quality improvement methods can improve screening rates for ID and IDA. In a single 

institution study, among 232 patients with newly diagnosed IBD, 88% met the criteria for IDA or 

isolated ID.6 Interestingly, rates of ID/IDA screening increased significantly from a baseline of 20% to 

>90% after implementation of quality improvement methods. In a study of newly diagnosed IBD 

patients followed prospectively for one year following diagnosis in 29 European and 1 Australian 

center, 42% of patients had at least one instance of anemia, and although most patients were assessed 

for anemia regularly, a full anemia work-up was often overlooked.7 Stein et al evaluated the routine 
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practice management of anemia in patients with IBD across nine European countries.8 

Gastroenterologists were surveyed about their last five IBD patients treated for anemia. Anemia and 

iron status were mainly assessed by hemoglobin (88%) and serum ferritin (75%). Transferrin 

saturation was only tested in 25% of patients. At diagnosis of anemia, 56% presented with at least 

moderate anemia (Hb < 10 g/dL) and 15% with severe anemia (Hb < 8 g/dL). ID defined as ferritin < 

30 ng/ml was detected in 76%. Almost all patients (92%) received iron supplementation; however, 

only 28% received intravenous iron and 67% oral iron.8 Hence, most IBD patients received oral iron 

even though this route may exacerbate their disease, and despite international guidelines 

recommending intravenous iron as the preferred therapeutic option.8-11 Table 1 shows indications for 

pediatric intravenous iron therapy, while Table 2 compares oral and intravenous iron therapy. 

Table 1. Indications for administration of intravenous iron in pediatric patients. 

Inability to swallow oral iron preparations 

Failure of oral iron therapy (poor compliance due to taste, adverse effects usually from the digestive 

system, need for long-term treatment, etc.) 

Inadequate absorption of iron from the gut (e.g., celiac disease, IBD, short bowel syndrome, gastric 

bypass surgery, iron refractory iron deficiency anemia (IRIDA), etc.) 

Continued blood loss from the digestive tract (e.g., esophageal varices, intestinal mucosal 

telangiectasias, etc.) 

Need for rapid correction of anemia (e.g., before elective surgery) 

Functional IDA (e.g., chronic renal failure, rheumatoid arthritis, etc.) 

Refusal of transfusions for religious or other reasons 

Table 2. Comparison of oral and intravenous iron therapy. 

Side effects 

 

Gastrointestinal 

 

Infusional 

 

Duration 

of therapy 

At least 3 months 

 

Correction of the total iron deficit with a single 

or few infusions 

Cost 

 

Low, but the need for laboratory and 

clinical follow-up increases cost 

High due to the acquisition cost of parenteral 

iron 

 

Quality of 

life 

 

It depends on patient compliance, 

anemia correction, and follow-up 

visits for clinical and laboratory work-

up 

Outpatient or inpatient administration, 

frequently only once 

 

2. History of intravenous iron therapy 

In 1964 Marchasin and Wallerstein were the first to publish results of intravenous iron 

administration in large doses, i.e., 1-3 g, as high molecular weight iron dextran (HMWID) (Imferon) 

in 37 patients.12 All patients responded but one experienced a delayed reaction, i.e., fever with chills 

without hypotension or wheezing. The first prospective study on the use of intravenous iron was 

published in 1980 in 471 patients, again with Imferon.13 All patients responded, but three developed 

signs of anaphylaxis, including respiratory arrest and hypotension. Imferon was eventually 

withdrawn from the market in 1991 and replaced by another HMWID product, Dexferrum in 1996. 

This product was also withdrawn from the market in 2014 after Chertow et al. documented that most 

severe adverse drug events (ADEs) due to intravenous iron administration were caused by this 

HMWID formulation.14,15 In the last 20 years, the development of third-generation parenteral iron 

preparations has made it possible to correct safely large iron deficits with a single intravenous 

infusion (total dose infusion, TDI). In the remaining text, we will focus on the use of parenteral iron 

in pediatric patients outside of the setting of chronic kidney disease. 
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3. Intravenous iron formulations 

All intravenous iron products are iron-carbohydrate complexes consisting of a mineral core 

surrounded by a carbohydrate moiety that is intended to stabilize the complex.16 A first-generation 

intravenous iron product was HMWID which as previously said, is not commercially available 

anymore. HMWID was very effective in correcting IDA in both adults and children but was 

associated with serious hypersensitivity reactions (HSRs) that were occasionally fatal.15  

Halpin et al were the first to report in 1981 the use of HMWID in six children with severe IBD 

and IDA.17 All were given a single TDI after a taper of the parenteral nutrition, and all had laboratory 

and clinical evidence of improvement in their anemia. Mamula et al administered 119 TDI of HMWID 

in 70 pediatric patients with IBD, i.e., 20 with ulcerative colitis and 50 with Crohn's disease.18 The 

average increase in hemoglobin concentration was 2.9 g/dL. Eleven immediate HSRs developed in 10 

patients (9% of the total number of infusions).  

The second-generation intravenous iron products include LMWID, ferrous gluconate, and IS, 

also known as sucroferric oxyhydroxide or iron saccharate. LMWID has a good safety profile that is 

comparable to other newer parenteral iron products.19 IS continues to be the most widely used 

parenteral iron product worldwide, with an excellent safety record, provided single daily doses do 

not exceed 300 mg and administration is done by slow infusion (90 min).20 In case a large iron deficit 

needs correction, repeated doses every other day are required to minimize the production of labile-

free iron that has been shown to be etiologically related to HSRs.21  

The third-generation intravenous iron products include ferumoxytol, which is not commercially 

available anymore and will not be discussed further, ferric carboxymaltose (FCM), and iron 

isomaltoside 1000 (IIM), also known as ferric derisomaltose in the US. 

Prior to intravenous iron administration, the total body iron deficit should be calculated in 

patients with IDA. This is usually done by using the following Ganzoni formula: [Body weight (kg) 

X (target hemoglobin-actual hemoglobin (in g/L) X 0.24] + iron depot (mg), where iron depot for <35 

kg body weight is 15 mg/kg and for 35 kg body weight is 500 mg.22,23 Table 3 shows all available 

iron products for intravenous administration. 

Table 3. Parenteral iron products. Note, that HMWID and ferumoxytol are not commercially available 

anymore. 

First-generation products High Molecular Weight Iron Dextran (HMWID) 

Second-generation products 

Low Molecular Weight Iron Dextran (LMWID), 

ferric gluconate, iron sucrose (sucroferric 

oxyhydroxide or iron saccharate) 

Third-generation products 

Ferumoxytol, ferric carboxymaltose, iron 

isomaltoside 1000 (ferric derisomaltose in the 

US) 

4. Safety of intravenous iron 

Rapid release of iron from intravenous iron preparations can saturate the iron transport system, 

resulting in oxidative stress with adverse clinical consequences.16 The reactivity of intravenous iron 

complexes correlates inversely with their molecular weight, i.e., larger complexes are less prone to 

release large amounts of labile-free iron.16 Type I complexes such as iron dextran preparations or 

FCM have a high molecular weight and deliver iron from the complex to transferrin in a regulated 

way via macrophage endocytosis and coordinated export. Such complexes are clinically well-

tolerated even at high intravenous doses. Type II complexes such as IS release larger amounts of 

weakly bound iron in the blood. Despite their lower molecular weight and weaker stability, they are 

appropriate for intravenous administration, but the highest single doses are considerably lower, and 

the administration times are substantially longer compared to type I compounds. Type III and IV 

complexes like sodium ferric gluconate have variable amounts of low molecular weight components 

and are likely to generate large amounts of non-transferrin-bound iron forbidding the administration 
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of large doses of iron in a single setting. For example, the maximum approved daily dose of ferric 

gluconate is only 125 mg. 

Avni et al performed an exhaustive systematic review and meta-analysis of all randomized 

clinical trials published until January 1, 2014, that compared intravenous iron to oral iron, no iron or 

placebo for the occurrence of severe ADEs.24 The secondary outcomes studied were all-cause 

mortality and other adverse events. A total of 103 trials published since 1965 were included. A total 

of 10,390 patients were treated with intravenous iron compared with 4,044 patients treated with oral 

iron, 1,329 with no iron, and 3,335 with placebo. There was no increased risk of severe ADEs with 

intravenous iron (relative risk 1.04).  

Iron is a pro-oxidant, an important nutrient for many bacteria, and has been shown to exacerbate 

sepsis in laboratory animals.25,26 Consequently, concerns have been raised that intravenous iron might 

increase oxidative stress, infections, mortality, or even tumor growth. Despite these concerns, no 

study so far has shown an increased infectious risk with the administration of parenteral iron, 

something confirmed in the metanalysis of Avni et al.24 

Acute onset myalgia and/or arthralgia and/or flushing may occur with any parenteral iron 

formulation. In these cases, there is no increase in serum tryptase levels, a serologic marker for 

anaphylaxis.19 Based on a validated tool of labile iron, the Ferrozine-detectable iron, the amount of 

labile iron is highest with ferric gluconate and IS, lower with LMWID, and lowest with FCM and IIM. 

Notably, systematic premedication with antihistamines, corticosteroids, and leukotriene antagonists 

is not routinely recommended with intravenous iron to avoid vasoactive reactions that could be 

misinterpreted as causally related to intravenous iron.27 In any case, iron infusions should be 

meticulously observed, and, in the event of an HSR, recognition, and management should be fast.28  

Most reactions to intravenous iron are minor systemic reactions to the labile iron that resolve 

spontaneously and rarely recur with rechallenge. Acute HSRs during iron infusions are very rare but 

can be life-threatening. Complement activation-related pseudo-allergy (CARPA) triggered by iron 

nanoparticles is likely the most frequent pathogenetic mechanism in acute reactions,21 although an 

immunological IgE-mediated response may be involved in rare cases. Major risk factors for an HSR 

include a previous reaction to a parenteral iron product, a history of multiple drug allergies or severe 

atopy, a fast infusion rate, and possibly an underlying systemic inflammatory disease.28 Since most 

reporting systems for ADEs are voluntary, and passive, and do not include causality assessment, the 

incidence of intravenous iron-related ADEs cannot be objectively estimated. Adequately powered 

direct comparisons of different forms of intravenous iron are required to assess their safety. 

Szebeni et al have reviewed the available evidence for HSRs to intravenous iron and its 

therapeutic management.29 They concluded that current therapeutic protocols remain non-specific, 

by using non-evidence-based empirical measures (antihistamines, corticosteroids, adrenaline) which 

neglect the fact that most intravenous iron reactions are not IgE-mediated anaphylactic reactions. A 

new approach is suggested based on the assumption that intravenous iron reactions largely represent 

CARPA. More specifically, labile iron activates the complement system which leads to the formation 

of anaphylatoxins. The serum concentration of the latter is the result of cellular uptake and 

metabolism by carboxypeptidases, and they can trigger mast cell activation. Slower administrations 

are less reactogenic, and modern administration protocols for intravenous iron are based on slower 

infusions.28 

A retrospective new user cohort study of intravenous iron recipients enrolled in the US fee-for-

service non-dialysis Medicare program described a total of 274 anaphylaxis cases at first exposure to 

intravenous iron with an additional 170 cases identified during subsequent administrations.30 The 

risk for anaphylaxis at first exposure was 68 per 100,000 persons for iron dextran and 24 per 100,000 

persons for all non-dextran intravenous iron products combined (IS, iron gluconate, and 

ferumoxytol), for an adjusted odds ratio of 2.6. The estimated cumulative anaphylaxis risk following 

a TDI of 1,000 mg iron administered within a 12-week period was highest with iron dextran (82 per 

100,000 persons) and lowest with IS (21 per 100,000 persons).  

In a single-center Dutch study, every HSR associated with the administration of intravenous 

iron in adults was prospectively classified using the Ring and Messmer classification.31 HSRs 
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occurred in 2.1% of 836 infusions of FCM, and in 8.7% of 496 infusions of IIM. Regardless of the type 

of intravenous iron, patients with comorbidities had a 3.6-fold higher risk of HSRs.  

These results have not been replicated by others. Pollock and Biggar reviewed 21 prospective 

studies including over 8,000 patients who received IIM, FCM, or IS. By using the standardized 

Medical Dictionary for Regulatory Activities queries to compare the safety of these three intravenous 

iron products, they showed the risk of severe HSRs to be lower with IIM relative to FCM and IS.32 

Although the risk of HSRs is widely believed to be lower with FCM than with iron dextran 

because of its non-dextran carbohydrate moiety, there are recent studies that do not support this 

assumption. A retrospective pharmacoepidemiological study with a case-population design 

estimated the HSRs to intravenous iron using IQVIATM sales data.33 The spontaneously reported 

HSRs were retrieved from the WHO database (VigiBaseTM) using various search criteria. HMWID 

and LMWID were grouped together. The relative risk for FCM versus iron dextran was 4.18 for 

standardized MedDRA® Query anaphylactic reaction, 12.9 for type I-IV HSRs, 1.72 for 

anaphylactic/anaphylactoid reactions, and 1.92 for death. Thus, the risk of spontaneously reported 

HSR was consistently higher with FCM than with iron dextran, something that does not support that 

dextran-free intravenous irons are associated with fewer HSRs.33 However, it should be noted that 

this may be the result of a Weber effect, a well-known reporting bias in pharmacovigilance studies.34 

Briefly, the passive reporting of adverse effects after regulatory approval of a drug peaks at the end 

of the second year after approval and declines steadily thereafter. Physicians may be more inclined 

to report HSRs of FCM, which is a newer product on the market compared to LMWID which has 

been on the market for several decades. 

Nathell et al performed a retrospective pharmacoepidemiologic study with a case-population 

design for the adverse events of intravenous iron products including HSRs for the 4-year periods 

before and after the implementation of risk minimization measures for intravenous iron in Europe.35 

Information was obtained from the safety surveillance database of spontaneously reported severe 

HSRs EudraVigilance, while exposure was estimated using IQVIA MIDAS sales data in the counties 

of the European economic area. Reporting rates for severe HSRs for individual products were 

heterogeneous. Reporting rates were low for IS and ferric gluconate, and higher at the beginning, and 

lower at the end of the study period for FCM. No clear trend was detected for LMWID and IIM.35 

5. Low molecular weight iron dextran (LMWID) 

The manufacturer of LMWID recommends a test dose prior to administration, although an 

uneventful test dose does not ensure that an anaphylactic reaction will not occur. Plummer et al at 

Children’s Medical Center of Dallas administered intravenous LMWID in children with ID in whom 
oral iron was ineffective.36 LMWID was administered as a TDI over 60 minutes in an outpatient 

setting. Thirty-one patients aged 11 months to 18 years received therapy, and 24 were evaluable for 

response. Median hemoglobin increments were 3.5, 1.9, and 1.8 g/dL in patients with IDA due to poor 

nutrition, chronic blood loss, and miscellaneous causes, respectively. Two-thirds of evaluable 

patients had a complete hematologic response. Twenty-nine percent of the patients had mild non-

specific ADEs upon initiation of the LMWID infusion.36 Boucher et al reviewed the use of LMWID at 

a tertiary children’s hospital in the US.37 Overall, 254 infusions in 191 patients aged 0.7-20.9 years 

were studied. Premedication was administered prior to one-fourth of the infusions, while all patients 

received a test dose. LMWID replaced at least 75% of the estimated iron deficit in a single infusion 

for 76% of patients. The mean hemoglobin and ferritin increases were 2.1 g/dL and >100 ng/ml, 

respectively. Infusion-related adverse events were rare, occurring in only 4.7% of infusions and 67% 

during the test dose. All resolved quickly and completely without sequelae. It is of note that no ADEs 

occurred in children <10 years of age.37 

6. Iron sucose (IS)  

IS is very safe and effective, but for safety reasons, its maximum weekly dose should not exceed 

600 mg. Surico et al in Bari, Italy, was one of the first to administer intramuscular or intravenous IS 

in 33 children with severe ID and/or IDA who failed to respond to oral iron supplementation.38 All 
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children showed recovery from IDA, with similar improvement in hemoglobin between the two 

routes, but the duration of treatment was longer with intramuscular injections. Michaud et al in the 

Children’s Hospital of Lille, France administered IS to 22 infants and children aged 5 months to 17 
years with IDA on long-term parenteral nutrition.39 Each patient received a test dose of 25 mg of IS 

prior to the infusion. IS was well tolerated except in one patient who developed a transient rash and 

hypotension after completion of the last IS infusion. Intravenous iron led to a significant increase in 

hemoglobin concentration of 2.2 g/dL within 45 days (range 0.4-4.3 g/dL). In a study from Israel of 45 

children aged 11 months to 16 years failing oral iron therapy, intravenous IS was administered at a 

daily dose of 5 mg/kg/day three times per week until the total calculated iron deficit was reached.40 

Forty-four of the 45 patients were non-compliant with oral iron, nine had Helicobacter pylori gastritis, 

and 16 suffered from intestinal malabsorption of various etiologies. The mean hemoglobin prior to 

therapy was 7.43 g/dL and increased to 9.27 g/dL within 14 days after treatment and to 12.4 g/dL, 6 

months later. The only recorded side effect was an episode of temporary and reversible hypotension. 

Crary et al described 38 children who received a total of 510 doses of IS for non-renal reasons.41 There 

were only six adverse reactions, while patients in all categories had a good response with a median 

hemoglobin rise of 1.9-3.1 g/dL depending on the indication. We administered IS to 12 children (six 

females) aged 1.2-14 years (median age 8.9 years) with IDA of various etiologies.42 IS infusions were 

given on alternate days up to three times per week. IS was effective in raising hemoglobin to normal 

in all patients, i.e., from 7.6±2.38 g/dL to 12.4±0.64 g/dL, within 31-42 days after the first infusion. 

Injection site reactions in three cases and transient taste perversion in one case were the only side 

effects. In a retrospective study, Kaneva et al reviewed all IS administrations at Los Angeles 

Children’s Hospital over a 10-year period.43 A total of 142 children received IS, with a mean age of 

11.75 years. Only one patient developed cough and wheezing during the infusion, while no other 

adverse effects were recorded. Intravenous IS led to a considerable improvement in iron studies and 

a clinically meaningful increase in hemoglobin.  

Sharma et al performed a prospective clinical trial of post-menarchal adolescent females with ID 

with or without mild anemia and fatigue who received a standardized regimen of IS.44 Treatment 

was well tolerated, and patients demonstrated a sustained increase in ferritin at 6 weeks and at 6 

months after the infusions. By using a standardized fatigue scale, they demonstrated a clinically 

significant improvement in the reported patient and parent fatigue scores supporting the non-

hematological functions of iron in reducing fatigue.45 Sabe et al reviewed the medical records of IBD 

patients <22 years of age who received intravenous IS.46 Overall, 88 patients were identified, 52 with 

Crohn’s disease, 33 with ulcerative colitis, and three with unclassified IBD. They received 329 
infusions of IS over 121 courses. Six patients developed minor adverse reactions, while no patients 

developed anaphylaxis. There was a highly significant rise in hemoglobin of 2.8g/dL from a mean 

baseline value of 9.1 ±1.4 to 11.9 ± 1.8 g/dL after treatment. Finally, a single institution study of 16 

children with restless leg syndrome/ periodic limb movement disorder who received IS has been 

published.47 Side effects were minor and transient. There was improved sleep in 10 patients, no 

improvement in two, while no follow-up was available for four subjects.  

7. Ferric carboxymaltose (FCM) 

FCM has been extensively studied in adults,48 where it prevents the recurrence of anemia in 

patients with IBD, compared with placebo.49 It also has better efficacy and compliance with a good 

safety profile, compared with IS.50 Table 4 shows the recommended dose of FCM by hemoglobin and 

patient body weight. 

Table 4. Recommended doses of FCM for IV administration based on patient’s pre-treatment 

hemoglobin and body weight. 

Hemoglobin Patient body weight 

g/dL <35kg 35-70kg 70kg 

<10 30 mg/kg 1,500 mg 2,000 mg 

10-14 15mg/kg 1,000 mg 1,500 mg 
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14 15 mg/kg 500 mg 500 mg 

NCT03523117 was a multicenter randomized active-controlled study to investigate the efficacy 

and safety of FCM in pediatric patients with IDA. Randomization was stratified by baseline 

hemoglobin (<10, ≥10 g/dL), and age (1 to <12 years, and ≥12 to 17 years). A 1:1 randomization took 
place with participants receiving FCM, or oral ferrous sulfate. Overall, 40 patients (1-12 years 10 

patients, 12-17 years 30 patients) received FCM, 15 mg/kg up to 750 mg on days 0 and 7 for a total 

dose of 1,500 mg. The median age of patients who received FCM was 14.5 years. ADEs that occurred 

in ≥4% of patients who received FCM were hypophosphatemia (13%), local infusion reactions (8%), 
rash (8%), headaches (5%), and vomiting (5%). Based on this study, FCM gained approval in the US 

on December 16, 2021, for use in children with IDA over 1 year of age, and a similar approval followed 

in Europe. 

Powers et al at Children’s Medical Center of Dallas assessed in a retrospective cohort study all 

FCM infusions administered in children with IDA over a 12-month period.51 A total of 116 FCM 

infusions were administered to 72 patients with IDA refractory to oral iron treatment (median age, 

13.7 years; range, 9 months to 18 years). Median pre-infusion and post-infusion hemoglobin values 

were 9.1 g/dL and 12.3 g/dL, respectively, at 4-12 weeks after the initial infusion. Sixty-five patients 

(84%) experienced no adverse effects. Minor transient complications were encountered during or 

immediately after seven infusions. Mantadakis and Roganovic assessed a total of 27 FCM infusions 

in children and adolescents with IDA.52 Thirteen patients had failed previous oral iron therapy, and 

all had pretreatment serum ferritin <12 ng/ mL. The median pretreatment hemoglobin was 7.3 g/dL 

and rose to 12.6 g/dL at >4 weeks after the initial FCM infusion. No case of urticaria, pruritus, or 

wheezing occurred. 

A Dutch multicenter study tested whether intravenous or oral iron supplementation is superior 

in improving physical fitness in 64 anemic children with IBD.53 Children aged 8-18 years with IBD 

and anemia defined as hemoglobin z-score < 2 were randomly assigned to a single dose of FCM (33 

children) or 12 weeks of oral ferrous fumarate (31 children). The primary endpoint was a change in 

the 6-minute walking distance (6MWD) from baseline, expressed as z-score, while the secondary 

outcome was the change in Hb z-score compared to pretreatment values. One month after the start 

of iron therapy, the 6MWD z-score of patients in the FCM group had increased by 0.71 compared 

with 0.11 in the oral group, a significant difference validating that a single dose of FCM is superior 

to oral ferrous fumarate with respect to quick improvement of physical fitness.53  

In a single‐center observational cohort study of 23 children with intestinal failure, mostly due to 

short gut syndrome requiring ongoing intravenous iron supplementation, patients were transitioned 

from IS to FCM.54 Sixteen patients received IS and later switched to FCM, five received IS only, and 

two received FCM only. Both forms of intravenous iron were effective. However, the median number 

of infusions over 12 months for those taking IS was significantly higher (15 vs 2).  

Korczowski et al completed a phase 2, non-randomized, multicenter study of the safety profile 

and appropriate dosing of FCM in 35 children and adolescents with IDA.55 Enrolled patients were 1-

17 years old, with hemoglobin <11 g/dL, transferrin saturation <20%, and received single doses of 

FCM 7.5 mg/kg (n = 16) or 15 mg/kg (n = 19). FCM was well tolerated; urticaria was the most common 

drug-related adverse event. Systemic exposure to iron increased in a dose-dependent manner with 

an approximate doubling of mean baseline-corrected maximum serum iron concentration and area 

under the serum concentration-time curve. Baseline hemoglobin was 9.2 in the FCM 7.5mg/kg and 

9.5 g/dL in the 15 mg/kg groups, respectively, with mean maximum changes in hemoglobin of 2.2 

and 3.0 g/dL, respectively. Hence, 15mg/kg of FCM appears to be more effective in correcting IDA in 

children.55 

Laass et al in Dresden, Germany treated 72 patients 0 to 18 years old with underlying 

gastrointestinal disorders and concomitant IDA with FCM.56 Most patients had Crohn’s disease 
(40.3%) or ulcerative colitis (30.5%). Overall, 147 infusions of FCM infusions were given. Correction 

of IDA with a rise in hemoglobin from 9.5 g/dL at baseline to 11.9 g/dL within 5-12 weeks was noted. 

Interestingly, decreases in inflammatory markers were observed post-FCM, potentially suggesting 
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reduced inflammation with iron repletion. Three subjects reported mild adverse drug reactions 

related to FCM likely due to the long duration of administration and the high volume of saline 

solution for dilution. Hence, the method of administration was amended to 60 min infusion time and 

dilution with 100 mL of saline solution. 

A Cochrane Library systematic review of interventions for treating IDA in IBD showed that 

intravenous FCM was more effective than IS for the resolution of anemia but due to the low number 

of studies in each comparison area and substantial clinical heterogeneity was unable to draw 

conclusions on which of the other treatments was most effective in IDA of IBD.57 

Aksan et al reviewed 33 pediatric studies containing clinical data relating to FCM. Most studies 

were retrospective and included patients with various underlying conditions. They showed that FCM 

is an effective and well-tolerated treatment for ID/IDA in children and adolescents.58 We treated 37 

children with ID/IDA with FCM in four academic pediatric clinics in Northern Greece.(59) Overall, 

41 FCM infusions were administered. All infusions were tolerated well. In addition, 11 articles 

reporting 1,231 infusions of FCM in 866 children were reviewed by us. Among them, 52 (6%) children 

developed ADEs that were graded as mild or moderate (grades I–III).59 

8. Iron isomaltoside 1000 (IIM, ferric derisomaltose in the US) 

The efficacy and safety of IIM in routine care of IBD patients with IDA has been assessed by 

Stein et al. who treated 197 IBD patients in Germany.8 Data were recorded at baseline and after 4, 8, 

and 16 weeks. Hemoglobin increased from 10.7 (±1.6) g/dL at baseline to 13.1 (±1.5) g/dL at the final 

visit. About 8% of the patients reported transient adverse reactions, most commonly nausea, 

vomiting, and skin reactions. There are no pediatric data on the use of IIM. NCT05179226 is a phase 

III, prospective, open-label, multicenter trial of IIM in children 0 to <18 years of age with IDA due to 

non-dialysis dependent chronic kidney disease or with IDA who are intolerant or unresponsive to 

oral iron. Overall, 200 children < 18 years of age will receive 10 mg/kg or 20 mg/kg IIM for a maximum 

dose of 1,000 mg. Twenty-four will have PK data collected, at 7 or 8 time points. Twelve children will 

receive 10mg/kg, and the remaining 188 20mg/kg. The study took off on November 28, 2022, and is 

scheduled for completion on April 30, 2024. 

9. Parenteral-iron induced hypophosphatemia 

Hypophosphatemia is a unique side effect of parenteral iron therapy. Intravenous iron for 

unknown reasons increases intact fibroblast growth factor 23 within a day of its administration 

followed by increased urinary phosphate excretion and decreased 1,25-dihydroxy-vitamin D and 

ionized calcium.60 These latter changes precipitate secondary hyperparathyroidism that sustains 

hypophosphatemia and renal phosphate wasting even after normalization of intact fibroblast growth 

factor 23.61,62 Wolf et al reported results of two identically designed, open-label, randomized clinical 

trials in 245 patients aged 18 years with IDA (hemoglobin 11 g/dL and serum ferritin level 100 

ng/mL) and intolerance or unresponsiveness to 1 month of oral iron.63 All patients were treated with 

intravenous iron as IIM, 1,000 mg, on day 0, or FCM, 750 mg, on days 0 and 7. The primary endpoint 

was the incidence of hypophosphatemia defined as serum phosphate level <2mg/dL between 

baseline and day 35. The incidence of hypophosphatemia was significantly lower following IIM vs 

FCM (trial A: 7.9% vs 75%; trial B: 8.1% vs 73.7%).  

Shaefer et al completed a systematic literature search of 43 articles reporting outcomes on 

hypophosphatemia after intravenous FCM or IIM.64 Hypophosphatemia rate and severity were 

compared after stratification for chronic kidney disease. FCM induced a significantly higher 

incidence of hypophosphatemia than IIM (47% vs 4%), and significantly greater mean decreases in 

serum phosphate (0.40 vs 0.06 mmol/L). Moreover, hypophosphatemia persisted at three months in 

up to 45% of patients treated with FCM. Meta-regression analysis identified low baseline serum 

ferritin and transferrin saturation, and normal kidney function as significant predictors of 

hypophosphatemia.64  

Regarding the occurrence of hypophosphatemia with FCM administration in children, Posod et 

al performed a retrospective, observational study at Innsbruck University Hospital in Austria.65 
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Children were included if FCM was administered, and plasma phosphate concentrations were 

determined no longer than 6 months prior to and up to a year after the first infusion date. A total of 

36 patients corresponding to 71 FCM doses were included. All children had normal baseline plasma 

phosphate concentrations. After the first FCM dose, hypophosphatemia occurred in 16.7% of the 

patients. Regarding all doses administered, hypophosphatemia occurred after 11.3% of FCM 

treatments. 

Cococcioni et al. retrospectively assessed the rate of post-infusion hypophosphatemia in a cohort 

of children with IBD and IDA treated with FCM.66 Overall, 128 patients were identified. Eighty-three 

children (64.8%) received a single, whilst 45 (35.2%) received repeated infusions. Twenty-five 

children had low post-infusion serum phosphate, while two developed severe hypophosphatemia.  

Finally, in the largest retrospective report of phosphorus serum levels documentation in 

children, adolescents, and young adults ≤21 years old treated with FCM in routine clinical care, 313 
FCM infusions were administered to 225 patients over 12 months at Texas Children’s Hospital.67 Most 

patients were female (62%) with a median age of 9.2 years. Hypophosphatemia occurred after 14% of 

the 313 infusions, administered in 40 patients. Of the patients who developed hypophosphatemia, 

none developed symptoms, while 18% were prescribed phosphorus supplements. Hence, FCM-

induced hypophosphatemia appears to be less common in children compared to adults. More studies 

are needed to address the long-term clinical consequences of hypophosphatemia in children who 

received FCM for IDA. 

10. Conclusions 

The widespread belief that parenteral iron is best avoided in children with IDA unless severe 

malabsorption or a life-threatening condition is present is unsubstantiated. The newer parenteral iron 

products appear to be safe in pediatric patients; they work faster than oral iron and are convenient 

for patients who may prefer them over lengthy oral iron therapy. For all these reasons, the front-line 

use of intravenous iron will likely increase in the years to come for the treatment of moderate to 

severe IDA in children.68 However, as the dilution and administration instructions differ substantially 

between different intravenous iron products, physicians should familiarize themselves with the 

preparation and dispense guidelines in order to administer parenteral iron safely. 
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