
 

Target Audience 
This Grand Rounds educational series is targeted to pediatricians, primary care physicians, pediatric hematologists, and the nurses, 
nurse practitioners, physician assistants, and pharmacists who help them provide care for pediatric patients. 

Learning Objectives 

1. Review the clinical gravity and foundational pathophysiology of iron deficiency anemia (IDA) in pediatric patients, with an 
emphasis on patient impact and the need for treatment. 

2. Evaluate the evolving clinical trial evidentiary base for intravenous (IV) iron as IDA management in pediatric patients, 
including a summary of recent FDA approvals and updated label indications for IV iron therapies. 

3. Discuss practical aspects of IV iron usage in the pediatric setting, including appropriate dosing, safety considerations, 
and clinician adherence to evidence-based IDA treatment standards. 

4. Use a real-world, case-based format to design evidence-supported strategies for recognizing, diagnosing, treating, and 
evaluating IDA in pediatric patients, focusing on the interpolation of IV iron into the management paradigm. 
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1. Review the clinical gravity and foundational pathophysiology of iron
deficiency anemia (IDA) in pediatric patients, with an emphasis on patient
impact and the need for treatment.

2. Evaluate the evolving clinical trial evidentiary base for intravenous (IV) iron as
IDA management in pediatric patients, including a summary of recent FDA
approvals and updated label indications for IV iron therapies.

3. Discuss practical aspects of iron usage in the pediatric setting, including
appropriate dosing, safety considerations, and clinical adherence to evidence-
based IDA treatment standards.

4. Use a real-world, case-based format to design evidence-supported strategies
for recognizing, diagnosing, treating, and evaluating IDA in pediatric patients,
focusing on the interpolation of IV iron into the management paradigm.

Learning Objectives

Formative Foundations
The Epidemiology, Pathophysiology, and Clinical 

Gravity of Pediatric Iron Deficiency Anemia



• Iron deficiency is the most common cause of anemia
and the most prevalent micronutrient deficiency
worldwide

• Globally, IDA affects 42% of children <5 years of age

• In the United States overall, ID and IDA affect 2 to 6% of
infants and children (6–59 months of age)

Epidemiology of Pediatric 
Iron Deficiency Anemia (IDA) 

https://www.who.int/health-topics/anaemia#tab=tab_1; Wang M. Am Fam Physician. 2016; Bailey RL, et al. Ann Nutr Metab. 2015. 

World Health Organization (WHO) Definitions 
of Anemia by Hb Level, Stratified by Age and Sex

Goyal A, et al. J Pediatr Gastroenterol Nutr. 2020; Forbes A, et al. Clin Nutr. 2017.

Age
Healthy
Hgb, g/dL

Mild Anemia
Hgb, g/dL

Moderate Anemia
Hgb, g/dL

Severe Anemia
Hgb, g/dL

0.5 to under 5 years ≥11 10–10.9 7–9.9 <7

5–11 years ≥11.5 11–11.4 8–10.9 <8

12–14 years ≥12.0 11–11.9 8–10.9 <8

Adult males, ≥15 years ≥13 11–12.9 8–10.9 <8

Adult females, nonpregnant (≥15 years) ≥12 11–11.9 8–10.9 <8

Pregnant women ≥11 10–10.9 7–9.9 <7



Homeostatic Mechanisms
of Iron Absorption, 

Distribution, Utilization, 
and Recycling

Pantopoulos K, et al. Biochemistry. 2012.

Adapted from Gilreath JA, Rodgers GM. Blood. 2020.

Iron Absorption
• Ingested dietary iron typically in heme or ferric

(Fe+++) form

• Stomach acid converts into ferrous (Fe++) form

• Absorbed in duodenum and proximal jejunum
via DMT1

Iron Metabolism
• Iron can be stored as ferritin (significant

amount if body stores are replete) or
transported through cell membrane

• Exits to bloodstream from GI, liver, or spleen
via ferroportin



Iron Metabolism 
and the Implications 

of Inflammation
• Inflammatory processes and conditions

= ↑ hepcidin

• Elevated hepcidin = ↓ intestinal iron
absorption and ↑ sequestration into
reticuloendothelial macrophages and
hepatocytes = ↓ systemic levels and
utilization of iron

• Dietary iron and oral iron
supplementation cannot be adequately
absorbed → functional iron deficiency
(FID) and often FIDA

Lee K-H, et al. Int J Mol Sci. 2021.

Inflammation Reduces Iron Availability

Pagani A, et al. Front Physiol. 2019; Lee K-H, et al. Int J Mol Sci. 2021.

Blocks 
intestinal 

absorption

Blocks export 
from 

macrophages 
and 

hepatocytes



Absolute Iron Deficiency Anemia (AIDA)

Anand IS, et al. Circulation. 2018.

Functional Iron Deficiency Anemia (FIDA)

Anand IS, et al. Circulation. 2018.



IDA Etiologies in Pediatrics

Nutritional deficiency (low iron diet, excessive milk intake)

Menstrual blood loss, specifically abnormal or heavy menstrual bleeding

Rapid growth

Occult blood loss; Underlying GI disorder

Underlying disease (IBD, Heart failure, CKD) / Inflammation

Rarely, genetic, iron refractory IDA (IRIDA)

Gallagher PG. Blood. 2022; Mantadakis E. Pediatr Blood Cancer. 2016. 

Common Etiologies of IDA in Children and Adolescents
Stratified by Age 

Age Etiology

Insufficient Supply Malabsorption Blood Loss

Newborn

Maternal IDA, prematurity,
early cord clamping, 
intrauterine growth retardation 
(IUGR)

If history of intestinal 
surgery

Necrotizing enterocolitis, frequent 
phlebotomy for hospitalized patients

Infant 

Exclusive breastfeeding (no 
semi-solids) >6 months, early 
introduction to cow’s milk (not 
iron-fortified)

If history of intestinal 
surgery

Cow milk protein allergy

Children 
(1–4 years)

Inadequate intake; Excessive 
milk intake

If history of intestinal 
surgery

Children 
(5–12 years + 
adolescents)

Rare; Consider GI disorders Celiac disease Heavy menses

Mantadakis E. Pediatr Blood Cancer. 2016; Gallagher PG. Blood. 2022; Baker R, et al. Pediatrics. 2010; Domellof M, et al. J Pediatr Gastroenterol Nutr. 2014; Mattiello V, et al. Eur J Pediatr. 2020. 



Common Etiologies of IDA in Children and Adolescents
Stratified by Disease  

Conditions Etiology

Inflammatory bowel disease 
(IBD)

Poor intestinal intake and absorption of iron; increased hepcidin in response to 
inflammation reduces absorption and binds ferroportin, blocking iron export 
from the liver

Other gastrointestinal disorders
(celiac disease, intestinal failure 
syndromes)

Chronic gastrointestinal blood loss in combination with decreased dietary 
absorption, malabsorption due to reduction of small intestine length

Chronic kidney disease (CKD)
Regular blood loss with dialysis, use of erythropoietin stimulating agents, 
decreased iron absorption; increased hepcidin in response to inflammation 
reduces absorption and binds ferroportin, blocking iron export from the liver

Heart failure (HF)
GI bleeding leads to losses, anorexia leads to decreased intake; increased 
hepcidin in response to inflammation reduces absorption and binds ferroportin, 
blocking iron export from the liver

Gastritis or reflux/GERD requiring 
antacids

Higher intestinal pH = inability to reduce non-heme iron from ferric (+3) to 
preferred ferrous (+2) form for optimal absorption

Goyal A, et al. J Pediatr Gastroenterol Nutr. 2020; Anand IS, et al. Circulation. 2018; Khan L. Pediatr Ann. 2018; 
Powers, et al. Hematol Oncol Clin North Am. 2019; Mattiello V, et al. Eur J Pediatr. 2020. 

Consequences of Iron Deficiency
in Pediatrics at the Cellular Level 

Pantopoulos K, et al. Biochemistry. 2012; Das I, et al. J Nat Sci Biol Med. 2014; Zhang C. Protein Cell. 2014.

Impaired immune functions

Cell-cycle irregularities

Neurohormonal disruption

Myoglobin deficiency

Diminished mitochondrial capacity

Impaired DNA replication and repair



Potentially Irreversible Clinical 
Consequences of IDA in Children

• Important for neurologic development of infants and children
• Required for myelinization of neurons, neurogenesis, neuronal

differentiation

• Co-factor for enzymes that synthesize neurotransmitters—dopamine

• Psychomotor & developmental consequences associated with IDA
• Delayed cognitive, motor, attention, and memory deficits

• Decreased school performance

• Lower levels of physical activity

• Attention-deficit/hyperactivity

• Restless leg syndrome

Georgieff M. Nutr Rev. 2011; Khan L. Pediatr Ann. 2018; Baker R, et al. Pediatrics. 2010; Domellof M, et al. J Pediatr Gastroenterol Nutr. 2014.

Importance of Screening 
for Pediatric IDA

• American Academy of Pediatrics (AAP) screening
recommendations
• Initial screening should be at 9–12 months of age

• Repeat screening for children at risk at 15–18 months of age

• Newer recommendations will likely include screening for
adolescent girls

Sharma R, et al. Textbook of Pediatric Care. 2008.



Diagnosis of Absolute Iron Deficiency (AID)
Anemia in Children

Note: serum ferritin and TSAT are confounded by the presence of 
inflammation = FID/FIDA (elevated ferritin, diminished TSAT) 

Parameter ID without Anemia IDA Iron Overload

Serum ferritin ↓ ↓↓ ↑

Transferrin saturation (TSAT) ↓ ↓ ↑↑

Serum transferrin receptor 1 ↑↑ ↑↑↑ ↓

Reticulocyte Hb ↓ ↓ Normal

Hb Normal ↓ Normal

Mean corpuscular volume Normal ↓ Normal

Baker R, et al. Pediatrics. 2010.

Inflammation

Normal Iron Depletion
Absolute Iron 

Deficiency
Functional Iron 

Deficiency

Ferritin → Storage iron

TSAT → Transport iron

Hgb → Erythron iron

Ferritin (ng/dL) 100 ± 60 <25 <10 >100

Transferrin saturation (%) 35 ± 15 <30 <20 <20

Hemoglobin (g/dL) Normal Normal Low Low

Iron Status with and without Inflammation
Comparative Effects on Serum Ferritin, TSAT, and Hb 

Adapted from: Crichton RR, et al. Iron Therapy with a Special Emphasis on Intravenous Administration. 2008.



Symptoms of IDA in Children

• Symptoms of IDA can depend on the severity of anemia

• Usually have gradual onset; many children can be
asymptomatic

• Clinical signs/symptoms

• Irritability, pica, fatigue, pallor

• Severe symptoms, particularly in older children

• Dyspnea, palpitations, tachycardia, syncope

• Hemodynamic instability, heart failure, stroke, CSVT

Powers, et al. Hematol Oncol Clin North Am. 2019; Khan L. Pediatr Ann. 2018; Baker R, et al. Pediatrics. 2010.

A Whole New World 
in Pediatric IDA Management

The Arrival of Intravenous Iron Products
in the Paradigm



Oral iron therapy

• May be effective in those with AIDA; less effective in FIDA

• Adverse effects (constipation, abdominal pain)—requires adherence for months

Intravenous (IV) iron therapy

• May be considered first line in setting of chronic inflammatory disease (IBD, HF, CKD)
and/or ongoing bleeding

• When oral iron is ineffective or intolerable

• Also considered for severe anemia (Hb <7 g/dL)

• Avoidance of adherence challenges

• Bypassing intestinal mucosal barrier

• Faster Hb response vs oral iron due to ability to bypass daily adherence

Options for Replacement
Oral versus Intravenous Iron Therapies 

Mantadakis E. Pediatr Blood Cancer. 2016. 

IV iron quickly saturates serum transferrin and loads macrophages, which then upregulates 
ferroportin expression, thereby overcoming hepcidin block.

IV Iron Mechanism
Overcoming “Functional Iron Block”

McDonagh T, et al. Eur J Heart Failure. 2015. 



Iron Product
Dosing
and Administration

Approved Indications
Approved Pediatric 
Use?

Total Dose 
Infusion (TDI)

Common 
Adverse Drug 
Effects

Warnings

Iron dextran

• 100 mg daily via IV
push over at least 2 
minutes

• Total dose is calculated 
based on iron deficit

• May repeat daily

Iron deficiency (ID) in 
patients for whom oral 
therapy is unsatisfactory 
or impossible

Yes
4 months and older

No
(unless total 
required dose 
<2 mL)*

Pruritis, 
abdominal pain, 
nausea, vomiting, 
diarrhea

Black box: fatal and 
serious 
hypersensitivity 
reactions, including 
anaphylaxis

Ferumoxytol

• 510 mg via IV infusion 
over at least 15 
minutes

• 2nd (510 mg) dose 3–8 
days later

Iron deficiency anemia 
(IDA) in patients who 
had intolerance or 
unsatisfactory response 
to oral iron, or who have 
a diagnosis of CKD

No Yes

Dizziness, 
hypotension, 
constipation, 
nausea

Black box: fatal and 
serious 
hypersensitivity 
reactions, including 
anaphylaxis

Sodium ferric 
gluconate

• 125 mg (adults) via IV
infusion over 1 hour, 
per dialysis

• 1.5 mg/kg in peds

• Repeated weekly for 
up to 8 weeks

IDA in patients 6 years 
old and older who are 
receiving hemodialysis 
and supplemental EPO 
therapy for CKD

Yes
6 years and older

No

Chest pain, leg 
cramps, 
dizziness, 
dyspnea, nausea, 
vomiting, 
diarrhea

Hypersensitivity 
reactions, 
hypotension, iron 
overload, benzyl 
alcohol toxicity

Available IV Iron Products

Anand IS, Gupta P. Circulation. 2018; FDA Prescribing Information; ClinicalTrials.gov.

*Routinely given in clinical practice as 1,000 mg over 1 hour

Iron Product
Dosing 
and Administration

Approved Indications
Approved 
Pediatric Use?

Total Dose 
Infusion 
(TDI)

Common Adverse 
Drug Effects

Warnings

Iron sucrose

• 100–400 mg, by setting

• Doses may be repeated
based on clinical response 
and iron indices

IDA in adult and pediatric 
patients with CKD

Yes
2 years and older

No
Diarrhea, nausea, 
vomiting, headache, 
hypotension, pruritus

Hypersensitivity 
reactions, 
hypotension, iron 
overload

Ferric 
carboxymaltose

• For patients weighing ≥50
kg, may give either 1,000 
mg (single-dose) or 750 mg 
infusion

• If 750 mg is given, may be 
repeated in 7 days, for a 
total dosage per course of
1,500 mg

• If patient weighs <50 kg,
recommended dose is 15
mg/kg x 2 doses separated
by at least 7 days per course

IDA in adult and 
pediatrics patients 1 year 
of age and older who 
have intolerance or 
unsatisfactory response 
to oral iron, or who have 
non–dialysis-dependent 
CKD (NDD-CKD)

Yes 
1 year and older

Yes

Nausea, 
hypertension, 
hypophosphatemia, 
flushing

Hypersensitivity 
reactions, 
symptomatic 
hypophosphatemia, 
hypertension

Ferric 
derisomaltose

• 1,000 mg, given over at 
least 20 minutes

• May be repeated if IDA
recurs

IDA in adult patients who 
have intolerance or 
unsatisfactory response 
to oral iron, or who have 
non–hemodialysis-
dependent CKD

No Yes
Nausea, injection site 
reactions, rash, 
hypotension 

Hypersensitivity 
reactions, iron 
overload

Available IV Iron Products

Anand IS, Gupta P. Circulation. 2018; FDA Prescribing Information; ClinicalTrials.gov.



• Originally approved by the FDA in 1974

• The now available low–molecular-weight iron dextran is the
oldest, least expensive IV iron formulation that can be used in
pediatric patients

• Total dose infusions are commonly used in practice, but are off-
label

• Test dose required prior to therapeutic dose

Iron Dextran

FDA Prescribing Information. 

Boucher A, et al.  A retrospective study of the safety and efficacy of low–molecular-weight iron dextran 
for children with iron deficiency anemia. Pediatr Blood Cancer. 2021.

Objective
• Evaluate therapeutic efficacy and frequency, as well as analyze the frequency and severity of 

infusion-related adverse events (AE)

Study Design
• Retrospective review, patients 0–21 years old who received LMWID
• Total replacement dose determined via nomogram (weight, hemoglobin, and the Ganzoni equation)
• N = 191 patients with 254 infusion visits

Results

• Most patients received a single infusion (78%)
• Indication for IV iron was most commonly inadequate dietary intake (23%), menorrhagia (29%), and

acute or chronic non-menstrual bleeding (19%)
• Mean calculated deficit was 683 mg, mean dose prescribed 657 mg, maximum dose given 1,000 mg
• Mean increase in hemoglobin of 2.1 g/dL
• Hypersensitivity reactions were rare and self-limiting; 4.7% of infusions had a symptom possibly

attributable to LMWID

Takeaway
• Adds to the relative paucity of safety/efficacy data for LMWID in pediatric patients; total-dose 

infusions are often used off-label; stigma of hypersensitivity concern unsubstantiated with LMWID

Boucher A, et al. Pediatr Blood Cancer. 2021.



Sodium Ferric Gluconate

• Approved by the FDA in 1999; originally developed as a
safer alternative to iron dextran

• Only studied in the pediatric population for the
treatment of IDA for patients on hemodialysis

• Originally marketed as needing a test dose, but later
found to be unnecessary

FDA Prescribing Information. 

Warady B, et al. Sodium ferric gluconate complex therapy in anemic children on hemodialysis. Pediatr 
Nephrol. 2005.

Purpose
• Assess safety and efficacy of two dosing regimens for sodium ferric gluconate complex (SFGC) in 

pediatric patients on hemodialysis (HD)

Study Design

• International, multi-center, randomized, double-blind, two treatment groups in pediatric patients 2–
15 years old on HD and receiving ESA

• Group 1, 1.5 mg/kg weekly, vs group 2, 3 mg/kg weekly; both groups given 8 weeks of therapy
• N=66 patients underwent safety evaluation; N=56 patients underwent efficacy evaluation
• Primary outcomes: mean change in Hb from baseline to 2 and 4 weeks after treatment completion
• Safety: all adverse events recorded

Results

• Low-dose treatment group (n=24); High-dose treatment group (n=32)
• Both groups had significant Hb improvement at 2 and 4 weeks after treatment completion (P<0.02), 

9.9–10.7 g/dL for low dose vs 9.4–10.4 g/dL for high dose
• Adverse events were rare and mild, and did not include any incidence of anaphylaxis

Takeaway
• Low- and high-dose IV SFGC dosing regimens were equally effective, therefore doses above 1.5 

mg/kg are unnecessary for pediatric patients with IDA on HD

Warady B, et al. Pediatr Nephrol. 2005.



Iron Sucrose (IS)

• Originally approved by the FDA in 2000

• FDA-approved for use in CKD

• Iron(III) hydroxide-sucrose complex

• Less stable “shell,” therefore, single dose sizes are
limited

Pasricha SR, et al. Lancet. 2021; Mantadakis E. Pediatr Blood Cancer. 2016; Gura K, et al. ICAN. 2011.

Crary S, et al. Intravenous Iron Sucrose for Children with ID failing to Respond to Oral Therapy. Pediatr 
Blood Cancer. 2011.

Purpose
• Describe experience with IV iron sucrose in a retrospective pediatric population, previously 

unresponsive to oral iron

Study Design

• N=38 patients age 3 months to 18 years, without CKD, who had at least one dose of iron sucrose
• Indication for IV iron, dosing, previous iron therapy, labs, and adverse reactions

• 13 patients received IV therapy due to anemia non-responsive to PO, 13 patients had GI 
disorders, 7 had ongoing GI blood loss, 2 had IRIDA, 3 had anemia secondary to chronic
inflammation, and 4 had menorrhagia

• Primary outcome: efficacy based on Hb change

Results

• Median IV iron # doses = 3; mean = 13; median dose = 100 mg
• Primary outcome: iron sucrose was effective at raising the Hb in all patient groups and was superior 

to oral iron in those who had previously received oral iron (P<0.001 and P=0.04 respectively)
• Of 510 doses given, 6 adverse events recorded (5 mild, 1 serious); serious event was facial swelling, 

hypotension, necessitating epi; dose was 500 mg, thus above the recommended max of 300 mg

Takeaway
• IV iron sucrose is safe and effective for treating IDA in children who have previously failed oral iron

therapy.

Crary S, et al. Pediatr Blood Cancer. 2011.



Overcoming IV Iron Safety Stigma
Boucher A, et al. Utilization trends and safety of intravenous iron replacement in pediatric specialty care: a 
large retrospective cohort study. Pediatr Blood Cancer. 2018.

Objective Characterize safety and utilization trends of IV iron products at a tertiary pediatric hospital 

Study Design

Data collected for all IV iron doses administered to patients, January 2010–October 2016; 
demographics, underlying medical conditions, information for each dose; individual chart review to 
identify infusion-related reactions; nephrology patients and those older than 21 years at time of first 
infusion were excluded

Results 
1,088 doses administered to 194 patients met inclusion criteria; wide variety of specialties prescribed 
IV iron; 68% of patients required multiple infusions, dosing variable; premedication use in 10.3% of 
doses, and no severe infusion-associated reactions occurred

Takeaway 
IV iron is commonly prescribed across pediatric specialties and appears to be highly safe for use in 
pediatric patients 

Boucher A, et al. Pediatr Blood Cancer. 2018.

Third Generation or “Next Generation” 
IV Iron Products 

• Ferumoxytol, ferric carboxymaltose, ferric derisomaltose

• IV iron products—iron-carbohydrate complex
nanoparticles—carbohydrate complex prevents iron-
generated free radicals

• Physicochemical properties pivotal to safety and efficacy

• Particle size (low–molecular weight > high–
molecular weight)

• Surface charge

• Chemical nature of carbohydrate shell (stronger
complex = slower iron release = minimal risk for free
iron toxicity)

• Total iron core content

• Labile iron content

Nikravesh N, et al. Nanomedicine. 2020; Schaefer B, et al. Mol Aspects Med. 2020.

Carbohydrate Shell

Low–molecular-weight dextran

Gluconate

Sucrose

Carboxymaltose

Polyglucose sorbitol carboxymethyl 
ether

Isomalto-oligosaccharides

Polymaltose

Fe (III)-oxyhydroxide/oxide cores

Carbohydrate shell



• Misconception that IV iron is unsafe is largely predicated on older, high–
molecular-weight, dextran-containing formulations

• 3% had severe reactions, with life-threatening anaphylaxis in 0.6%

• Newer formulations are not associated with the same risk

• Systematic reviews and meta-analyses found low overall risk for severe
reactions with IV iron (<1 life-threatening adverse event per 200,000 doses),
including anaphylaxis or infections

Next-generation IV Iron Products
Safety: Overcoming Stigma with Statistics

Avni T, et al. Mayo Clin Proc. 2015; Wang C, et al. JAMA. 2015; DeLoughery TG. Acta Haematol. 2019; 
Chertow GM, et al. Nephrol Dial Transplant. 2006; FDA Prescribing Information.

Product Anaphylaxis/Anaphylactoid-reactions

Ferric carboxymaltose 0.1%

Ferumoxytol 0.2%

Ferric derisomaltose 0.3%

• Originally approved by the FDA in 2013

• Iron as a colloidal iron (III) hydroxide complex core
stabilized by carboxymaltose

• High stability of complex = large amounts of ionic iron
are not released into serum, and high doses may be
given as single doses

Ferric Carboxymaltose (FCM)

FDA Prescribing Information; Pasricha SR, et al. Lancet. 2021; Mantadakis E. Pediatr Blood Cancer. 2016; Gura K, et al. ICAN. 2011; Scott LJ. Drugs. 2018.



First Published Data on Ferric Carboxymaltose in Pediatric Patients in the US

Powers, J, et al. Journal of Pediatrics. 2017.

Purpose
• Pediatric patients at UT Southwestern who responded poorly to oral iron therapy and were 

treated with ferric carboxymaltose based on an institutional clinical protocol

Study Design
• Retrospective cohort, 72 children age 9 months to 18 years
• Treated with FCM 15 mg/kg (1 or 2 doses) based on initial hemoglobin level
• Lab parameters and adverse events collected

Results

• 116 FCM infusions administered to 72 patients with IDA refractory to oral iron treatment
(median age 13.7 years)

• Median pre-infusion and post-infusion hemoglobin values were 9.1 g/dL and 12.3 g/dL (4-12
weeks after initial infusion)

• Minor transient complications encountered during or immediately after 7 infusions

Takeaway
• FCM administered as a short IV infusion (15 minutes) without a test dose proved to be safe 

and effective in a small yet diverse population of infants, children, and adolescents with IDA 
refractory to oral iron therapy.

Powers J, et al. Journal Pediatrics. 2017.

Ferric Carboxymaltose Found to be Safe and Effective, with Less Frequent 
Dosing than Iron Sucrose, in Pediatric Patients with Intestinal Failure 

Kaenkumchorn T, et al. J Parenter Enteral Nutr. 2022.

Purpose
• Pediatric patients at Seattle Children’s Hospital with intestinal failure were transitioned from

iron sucrose (IS) to FCM in 2019; this study compares outcomes before and after that change

Study Design

• Iron sucrose cohort n=18: 1.5 mg/kg twice weekly-monthly
• FCM cohort n=21: 15 mg/kg (n=16 switched from iron sucrose)
• Both cohorts were re-dosed based on decreased hematocrit or iron studies
• Both cohorts had at least 12 months of data collected

Results

• No differences were seen over time for iron, hematologic, or growth metrics between IS and 
FCM

• Median number of infusions for IS and FCM cohorts were 15 and 2, respectively (P<0.001)
• Time between infusions for IS and FCM cohorts was 14 days and 237 days, respectively
• Mild hypophosphatemia was reported in both cohorts; otherwise, no other adverse effects

Takeaway
• Both IS and FCM are safe and effective for pediatric patients with intestinal failure; FCM

requires less frequent dosing, which may lead to decreased infusion costs in future, larger
studies

Kaenkumchorn T, et al. J Parenter Enteral Nutr. 2022.



Prospective Cohort Study from Carman et al. Evaluating the 
Safety and Efficacy of IV FCM for Pediatric Patients with IBD
Carman N, et al. Transl Pediatr. 2019.

Purpose • Demonstrate the safety and efficacy of IV FCM for pediatric patients with IBD

Study Design

• Pediatric patients 6–18 years old with IBD and ID or IDA
• Patients received FCM as single dose of 15 mg/kg (up to 1,000 mg) over 15–20 mins
• Biochemical parameters included Hb, serum ferritin, TSAT, MCV, and C-reactive protein
• 101 patients received infusions of FCM during the study period

Results

• After FCM infusion, 64% of patients with IDA had resolution of anemia
• After FCM infusion, 81% of patients had resolution of ID without anemia
• FCM achieved meaningful increases in both Hb and TSAT levels
• No serious adverse events were observed throughout the study period
• All minor events were quickly and easily resolved (using cetirizine)

Takeaway
• High-dose FCM was safe, well-tolerated, and highly effective for ID/IDA management in 

pediatric patients with IBD

Carman N, et al. Transl Pediatr. 2019.

FCM Pivotal Pediatrics Clinical Trial
1VIT17044 (NCT03523117)

• Phase III, multicenter, randomized, active-controlled study to investigate safety and
efficacy of FCM vs oral ferrous sulfate for pediatric patients with IDA

• Primary endpoint: change in Hb from baseline to day 35

• Secondary endpoints: change in ferritin, TSAT, reticulocyte Hb (baseline to day 35)

• 40 patients were enrolled

• 10 patients—aged 1–11 years

• 30 patients—aged 12–17 years

• Adverse events in FCM arm:
• hypophosphatemia (13%), injection

site reactions (8%), rash (8%),
headache (5%),
and vomiting (5%)

ClinicalTrials.gov.

1VIT17044 Study Schema



FCM FDA Approval
for Pediatric Patients

November 19, 2021

• Ferric carboxymaltose approved for children aged 1 year
and older with IDA who are intolerant to oral iron or
who have had an unsatisfactory response to oral iron

• The first high-dose, next-generation IV iron product to
garner an approval for treatment of pediatric patients

FDA Prescribing Information.

• Dependent on product and indication (dosing for ESRD is
always different)

• Calculate iron deficit (based on original Ganzoni
equation, now modified in clinical practice)

Total cumulative dose [mg] = (Target Hb – Actual 
Hb) × weight [kg] × 0.24 + (15 × weight [kg]), Hb in 
g/dL

IV Iron Dosing in Pediatrics

Mantadakis E. Pediatr Blood Cancer. 2016; FDA Prescribing Information.



Interprofessional Insights
Practical Principles for Improving Pediatric IDA 

Outcomes with IV Iron

Guideline 
or Group

Recommendation Monitoring
Formulation 

Recommendation
Other

KDIGO 2012
Guidelines for the 
management of 
anemia in CKD

For all pediatric CKD patients with anemia not on iron 
or ESA therapy:

• Oral iron (or IV iron in CKD HD patients) when TSAT 
is ≤20% and ferritin is ≤100 ng/mL

For all pediatric CKD patients on ESA therapy who are 
not receiving iron: 

• Oral iron (or IV iron in CKD HD patients) 
administration to maintain TSAT >20% and ferritin 
>100 ng/mL

• Evaluate iron status 
(TSAT and ferritin) at 
least every 3 months 
during ESA therapy, or 
more frequently in 
clinical situations 
where iron stores may 
become depleted

• No recommendation for 
product

• Monitor patients for 60 min 
after the initial iron dextran 
infusion, and that 
resuscitative facilities 
(including medications) and 
personnel trained to 
evaluate and treat serious 
adverse reactions be 
available

• Avoid 
administering 
IV iron to 
patients with 
active 
systemic 
infections

ISHLT 2014
Guidelines for the 
management of 
pediatric heart 
failure

• Iron deficiency as a treatable cause of anemia in 
the patient with HF should be sought by obtaining 
iron studies (ferritin with transferrin saturation)

• It is reasonable to consider the use of IV iron to 
treat iron-deficiency anemia in pediatric patients 
with HF

NA NA NA

NASPGHAN 2020
Anemia in children 
with inflammatory 
bowel disease

• IDA should be treated with iron supplementation, 
optimizing dietary intake, and controlling the 
disease activity

• Mild anemia (Hb ≥10 g/dL) and/or quiescent 
disease = trial of oral iron first 

• IV iron if oral iron is ineffective or poorly tolerated, 
moderate-severe anemia, and/or with active 
inflammation

• Repeat Hb 2–4 weeks 
after initiation

• Increase in Hb level of 
1 g/dL in 2 weeks or 2 
g/dL in 4 weeks = 
success

• Target serum ferritin 
of up to 400 µg/L

• No formulation specified 
over another, calculating 
total iron deficit is 
recommended for dosing, 
typically target Hb = 12

NA

KDIGO Anemia Work Group. Kidney Int Suppl. 2012; Kirk R, et al. J Heart Lung Transplant. 2014; 
Goyal A. J Pediatr Gastroenterol Nutr. 2020; Forbes A, et al. Clinical Nutrition. 2017.



KDIGO Anemia Work Group. Kidney Int Suppl. 2012; Kirk R, et al. J Heart Lung Transplant. 2014; 
Goyal A. J Pediatr Gastroenterol Nutr. 2020; Forbes A, et al. Clin Nutr. 2017; Mattiello V, et al. Eur J Pediatr. 2020.

Guideline or Group Recommendation Monitoring
Formulation 

Recommendation
Other

ESPEN 2016
Guidelines for nutrition 
in inflammatory bowel 
disease

• Intravenous iron should be 
considered first line for
patients with clinically active 
IBD, those previously
intolerant to oral iron, those 
with hemoglobin <10 g/dL, and 
those who need ESAs

• All patients with IBD 
should be screened for
IDA

NA NA

SPOG 2020

• Oral iron should often first be 
administered when diagnosis 
established; IV iron should be 
used in cases of severe 
anemia, underlying
inflammatory disease, or non-
adherence with clinical impact

• Individualized to patient
need and situation 

• Choice of product should 
be based upon 
indications listed in 
approved drug list 

NA

Currently a paucity of updated/current clinical practice guidelines 
regarding IV iron use for pediatric indications, however the following 
are reasonable considerations: 

• May consider as first line for IDA in patients with IBD not in
remission/proven malabsorption, CKD with hemodialysis ± ESA, other
states of active inflammation and concomitant ID, acute on chronic
blood loss, and/or severe anemia

• Second-line therapy for patients with failure to improve after oral iron
trial (typically 4 weeks) or unable to tolerate oral iron therapy

Pediatric IDA Standards
that Govern Practice 

Mattiello V, et al. Eur J Pediatr. 2020. 



NT is a 7-year-old male who was diagnosed with ulcerative colitis (UC) 1 year 
ago now with disease flare, including bloody diarrhea, abdominal pain, and 
fever. His GI physician plans to initiate steroids and infliximab, but his parents 
prefer to avoid as many infusions and appointments as possible. Infection 
and colitis are ruled out as causes of NT’s fever. He weighs 19.5 kg.

Upon initial presentation 1 year ago, nutritional deficiencies were significant 
for ID, and NT was started on oral iron supplementation. Now with 
recurrence of UC, labs are significant for functional IDA (FIDA) with serum 
ferritin = 94 ng/dL, TSAT = 14%, Hb = 8.8 g/dL, and reticulocyte = 1%. 

What is NT’s calculated total iron deficit?

Is NT a candidate for IV iron replacement?

What products and dosing are reasonable?

Patient Case 1

Patient Case 1

What is NT’s calculated total iron deficit?

Total cumulative dose [mg] = (Target Hb – Actual Hb) ×
weight [kg] × 0.24 + (15 × weight [kg]), Hb in g/dL   

(12 – 8.8) × 19.5 × 0.24 + (15 × 19.5) = 307.5 mg

Is NT a candidate for IV iron replacement? Yes, based 
on active IBD/chronic inflammation, moderate-severe 
anemia, and diagnosis of FIDA



Goyal A. J Pediatr Gastroenterol Nutr. 2020.

Suggested Algorithm for Diagnosis and Management of Anemia in Children in IBD 

Mild anemia: Hgb ≥10 g/dL
Moderate-severe anemia: Hgb <10 g/dL
Response: increase in Hgb by 1 g/dL in 2 
weeks, or 2 g/dL in 4 weeks
Goal: correct iron deficit, ferritin >100 mg/L
Discontinue iron therapy: ferritin ≥800 mg/L 
or TSAT >50%

1Hematology consultation may be indicated; 2Azathiopurine, 6-mercaptopurine, mesalamine, sulfasalazine; 
3Sulfasalazine, trimethoprim-sulfamethoxazole; 4Methotrexate, azathioprine, 6-mercaptopurine.

ACD, anemia of chronic disease; CRP, C-reactive protein; FID, functional iron deficiency; Hgb, hemoglobin; IBD, inflammatory bowel disease; IDA, iron deficiency anemia; LDH, 
lactic dehydrogenase; MCV, mean corpuscular volume; sTFR-F, soluble transferrin receptor-ferritin index; TSAT, transferrin saturation; WBC, white blood count.

Patient Case 1

What products and dosing are reasonable?

• Iron sucrose 5 mg/kg (not to exceed 100 mg/dose) × 3
infusions

• Iron dextran 100 mg IV daily × 3 after iron dextran test
dose (25 mg) versus a long infusion of 300 mg (off-label)

• Ferric carboxymaltose 15 mg/kg (300 mg) IV × 1 (FDA
labeled dosing)



PW is 15-year-old female with a medical history significant for abnormal 
uterine bleeding (heavy periods lasting 8–10 days per cycle). She was 
previously diagnosed with iron deficiency anemia and started on ferrous 
sulfate 325 mg PO daily, along with vitamin C 500 mg daily. 

At her follow up visit with her primary care doctor, she describes continued 
fatigue and nausea associated with her iron pills. Repeat labs after 12 weeks 
of oral iron are significant for absolute IDA (AIDA): serum ferritin = 8 ng/dL; 
TSAT = 18%; Hb = 10.1 g/dL; and MCV 77.

Is PW a candidate for IV iron therapy?

What iron formulations would be reasonable to use?

Patient Case 2

Patient Case 2

Is PW a candidate for IV iron therapy?
• IV iron is a reasonable therapeutic option for PW given “failure” of oral iron

(continued low iron stores, symptomatic anemia, intolerance to oral
product)

• Management of her abnormal uterine bleeding should be addressed to
mitigate the need for long-term IV iron replacement

What iron formulations would be reasonable to use?
• Ferric carboxymaltose, iron sucrose, or iron dextran—all viable per labeled

indications

• Clinical differentiation between the approved IV iron formulations should be
predicated on agent-specific, disease-specific, and most importantly,
patient-specific factors
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