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Objectives

■ Review Mechanisms and pathophysiology of iron deficiency anemia (IDA)

■ Work-up of IDA

■ Treatment approach



Case

■ 65F with fatigue, SOBOE, progressive microcytic anemia

■ PMH: RA, DM2, COPD, HTN

■ Occasional heartburn, no bleeding history, no melena

■ Hb 100, MCV 75, ferritin 50, % sat 14, TIBC



Background

■ Iron deficiency is common

■ Frequently affected = toddlers, adolescent girls, and women 
of childbearing age

■ Impacts cognition, emotion, pain and education status

Looker, AC et al. Prevalence of iron deficiency in the United States. JAMA. 1997;277(12):973.



Who is most at risk?

■ Infants and children <5yo

■ Menstruating women

■ Second/third trimester of pregnancy

■ Post-partum

■ Adolescents (rapid growth)

■ Vegetarians/vegans

■ Blood donors

■ Elite endurance athletes

■ IRIDA

Camaschella C. Blood 2019:133;30-40
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When it’s multifactorial



Absolute vs. Functional

■ Absolute 
– Low total body stores and thus absent bone marrow iron stores
– Low serum ferritin levels
– Decreased iron intake, absorption, or increased blood loss

■ Functional
– Normal or increased body iron stores
– Iron is not available to erythroid precursors
– Settings of inflammation and chronic disease

■ Not mutually exclusive 



Iron Metabolism: The Players
■ Ferritin – linked to iron status

■ Transferrin receptor 1 (TfR1) – upregulated in iron deficient state

■ Transferrin

■ Hepcidin



Iron Metabolism

Drakesmith, H & Prentice, A. Viral Infection and Iron Metabolism. Nature Reviews Microbiology 6, 541-552 (July 
2008).



Dietary Iron

■ Ferric hydroxides, ferric-protein and Heme-protein complexes

■ Meat > vegetables

■ Average Western diet = 10-15mg iron daily

■ Only 1-2mg/day is absorbed



Daily Iron Requirements
Urine, sweat,
feces (mg)

Menses (mg) Pregnancy
(mg)

Growth
(mg)

Total
(mg)

Adult male 0.5-1 0.5-1

Postmeno-
pausal female

0.5-1 0.5-1

Menstruating 
female

0.5-1 0.5-1 1-2

Pregnant female 0.5-1 1-2 1.5-3

Children 0.5 0.6 1.1

Female (age 12-
15)

0.5-1 0.5-1 0.6 1.6-2.6

Hoffbrand, Moss, Pettit. “Hypochromic Anemias.” Essential Haematology, 5th edition. 2006. 



Causes of Iron Deficiency

■ Bleeding

■ Malabsorption
– Foods
– Medications
– H. Pylori
– Celiac Disease
– Gastric bypass

■ CKD/Inflammatory disorders/CHF

■ PNH

■ Congenital iron deficiency

■ Pulmonary hemosiderosis

■ Erythropoietin



Stages

■ Iron stores (mg) ≈ (8 or 10) x ferritin (ng/mL)

■ 1. Low iron stores without anemia

■ 2. Iron deficient, normocytic anemia

■ 3. Iron deficient, microcytic anemia.



Symptoms
■ Fatigue, decreased exercise tolerance

■ Pica/Pagophagia

■ Restless legs syndrome

■ Beeturia

■ SOB 

■ Angina



Clinical Signs

■ Koilonychia

■ Angular cheilosis

■ Atrophic glossitis

■ Plummer-Vinson 

Medicalinfopictures.com

Angularcheilitis.net

Fpnotebook.com



Diagnosis - Definitive

Definitive Tests Advantages Limitations

Serum ferritin Quantitative (iron stores)
Well standardized

Affected by inflammation
Affected by liver disease

Serum transferrin receptor Quantitative (tissue deficiency)
Unaffected by inflammation

Lacks standardization
Affected by rHuEPO treatment

Bone-marrow iron Well established
High specificity

Invasive, expensive
Prone to error

Cook, JD. Diagnosis and management of iron deficiency anemia.Best Practice & Research Clinical Haematology. 
2004;18(2):319-332.



Diagnosis

■ LOW ferritin (<40-100 depending on scenario)

■ LOW serum iron

■ HIGH (or normal) TIBC

■ LOW % saturation (i.e. <20%)



Ferritin

■ Landmark study: 
– 259 anemic patients >65yo

– Objective: determine ferritin cut-off values to distinguish
iron deficiency anemia from anemia of chronic disease

– Findings: 
■ Ferritin <40µg/L = iron def. anemia w/o inflammation
■ Ferritin <70µg/L = iron def. anemia with inflammation

Guyatt GH, Patterson C, Ali M et al. Diagnosis of iron-deficiency anemia in the elderly. Am J Med 1990;88:205-209



More recently

■ In absence of inflammation:
– Ferritin <30 mg/L = iron deficiency

■ In presence of inflammation
– Ferritin <100 mg/L with <20% transferrin saturation
– = iron deficiency



Treatment

■ First – what is the cause?
– Ideally, find and eliminate the cause

■ Second – replace iron stores
– Oral vs. IV iron



Work-up

■ A good history
– Elicit any bleeding history

■ Menstrual
■ GI
■ Epistaxis
■ Hematuria

– Reasons for malabsorption
■ Heartburn
■ Diarrhea/gluten sensitivity
■ History of bariatric surgery
■ History of blood donation
■ PPI or other antacids



Underlying etiologies of ID

Ning et al. Hematology ASH ed program 2019.



What tests to order?
■ Diagnosis of iron deficiency?

– CBC, retic, peripheral smear, TIBC, %sat, ferritin
– Rule out vit B12 and/or folate deficiency, TSH

■ H. pylori stool Ag
■ Anti-TTG
■ FOBT

■ If no clear other source of blood loss, or any hint of GI bleeding, upper and 
lower endoscopy 

– +/- CT enterography
– Capsule endoscopy in rare cases

■ Should not need a BMBx to diagnose



Treatment – role for pRBC
transfusion
■ Avoid blood transfusions unless hemodynamically unstable

– Cardiovascular compromise
– Debilitating symptoms

■ For majority of patients there is time to implement iron 
supplementation



Treatment 

■ Oral iron supplementation
– First line
– Inexpensive
– Often poorly tolerated
– When tolerated, effective

■ Limitations
– Side effects = poor adherence
– Malabsorptive conditions
– Unable to keep up with heavy blood loss
– Slow to replete body’s iron stores



Oral iron formulations

Ning et al. Hematology ASH ed program 2019.



How to optimize oral iron

■ Take between meals

■ Avoid taking with dairy, tea, or coffee

■ Avoid antacids

■ (Take with vit C) – called into question now

■ Once daily dosing or q2days 



How long will it take?

■ Reticulocytosis starts in 4-5 days

■ Hb may improve by week 2

■ Restoration of iron stores and ferritin = 3-6 months

■ Perhaps longer depending upon the severity and ongoing 
losses



IV iron indications

Camaschella C. Blood 2019:133;30-40



IV iron 

■ Parenteral Iron
– Greater absorption
– Safe in IBD patients
– Heavy blood loss

■ Limitations
– Infusional Time
– Adverse reactions
– Cost

■ Hemoglobin iron deficit (mg) = 

weight (kg) x [target Hb –Pt’s Hb(g/dL)] x 2.145



IV iron formulations

Ning et al. Hematology ASH ed program 2019.



“Standard” vs. High dose IV 
iron
■ Examined the benefits, efficacy, and retreatment rates of a higher dose of IV iron 

(1500 mg ferric carboxymaltose) vs. standard cumulative (1000 mg) iron sucrose

■ Average iron deficit calculated to be ~1500 mg for patients.

■ Significantly lower rate of re-treatment in 1500mg(5.6%) group, compared to 1000 
mg group (11.1%)

■ Conclusion: Total cumulative dose of 1000 mg IV 
iron insufficient, and 1500 mg is closer to actual 
deficit, requiring fewer repeat infusions

Koch et al. Anemia. 2015.



2018 Adkinson et al.
■ Phase 3 Randomized controlled double blind

■ Compared 2 doses of each in pts with IDA on days 1 and 8 or 9:
– Ferumoxytol 510 mg
– Ferric carboxymaltose 750 mg 

■ No anaphylaxis either group
– Rates of mod-severe hypersensitivity reactions similar

■ Ferumoxytol noninferior to FCM, and higher Hb rise over 4 weeks with higher dosed 
ferric carboxymaltose.

■ Supports approach of treating with 1000 mg up front and 
R/A at 4 weeks

Adkinson et al. Am J Hematol. 2018 May;93(5):683-690.



Purpose: Compared safety and efficacy of iron isomaltoside and iron sucrose

Methods: Administered iron isomaltoside 1000mg infusion or 500 mg injection over 
2 min vs. iron sucrose 200 mg over 30 min.

- Mean cumulative dose iron isomaltoside 1640 mg
- Mean cumulative dose iron sucrose 1128 mg

Primary endpoint: Hb increase ≥20 g/L from baseline at any point between weeks 1-
5

Findings: 
- Shorter time to Hb increase ≥20 g/L in isomaltoside group
- Similar tolerability
- 0.6% experienced a serious adverse drug reaction in both groups
- iron isomaltoside allowed higher cumulative iron dose in fewer 
administrations

Derman et al. Am J Hematol. 2017;92-286-291



Iron sucrose vs iron isomaltoside

Derman et al. Am J Hematol. 2017;92-286-291



Cost of IV iron
■ In CB, IV iron is on hospital formulary, so no cost to patient

■ Gluconate: 100 mg = $27.42
– Typical dose = 125 mg = $34.27
– Usual # doses = 4-8 ($137-$274)

■ Sucrose: 100 mg = $37.50
– Typical dose = 300 mg = $112.50
– Usual # doses 4-8 ($450-900)

■ Isomaltoside 100mg = $45
– Typical dose 1000 mg = $450
– Usual #doses 1-2 ($450-900)



My IV iron approach

■ Give 1 dose of weight-based isomaltoside (20mg/kg)
– Unless 2-3rd trimester pregnancy, still use sucrose

■ 4 weeks after dose, repeat CBC, ferritin, % sat
– Repeat monthly ongoing

■ If ferritin ≤200 or % sat ≤20, repeat IV dose q4 weeks until target 
achieved

■ Reassess in 3-4 months ongoing IV iron needs
– Reduce frequency of BW if possible



Case

■ Anti-TTG negative

■ H. pylori stool Ag positive

■ FOBT neg

■ Still awaiting endoscopy

■ Oral iron therapy started. Intolerant after 2-3 weeks with +++constipation

■ Gave one dose isomaltoside IV 20mg/kg
– Rechecked 4 weeks later, Hb 110, MCV 80, ferritin 105, % sat 18
– Ordered one more dose isomaltoside
– Symptoms of fatigue and SOBOE much improved



Conclusion
■ Iron deficiency is common, and should be treated (with or without 

anemia)

■ Low serum ferritin diagnostic 
– < 40mg/L, <50 mg/L in pregnancy

■ Difficult to assess patients with comorbidities using ferritin alone
– % sat <20 diagnostic

■ Oral iron dosed daily or q2d most effective

■ Switch to IV iron if ++side effects or ineffective after 1 month

■ Treat underlying cause
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QUESTIONS?



Regulation 

■ Levels of ferritin and TfR1 are linked to iron status

■ Dependent on iron regulatory protein (IRP)

■ Iron deficiency increases the ability of iron regulatory protein 
to bind to mRNA



Iron Absorption
Factors favouring absorption Factors reducing absorption

Heme iron Inorganic iron

Ferrous form (2+) Ferric form (Fe3+)

Acids (HCl, vit C) Alkalis – antacids, pancreatic secretions

Solubilizing agents (sugars, amino acids) Precipitating agents – phytates, phosphates

Iron deficiency Iron Excess

Ineffective erythropoiesis Decreased erythropoiesis

Pregnancy Infection

Hereditary hemochromatosis Tea

Increased expression of DMT-1 and ferroportin in 
duodenal enterocytes

Decreased expression of DMT-1 and ferroportin, 
increased hepcidin

Hoffbrand, Moss, Pettit. “Hypochromic Anemias.” Essential Haematology, 5th edition. 2006. 



Risks of IV iron
■ Hypophosphatemia

■ Most common: 
– 1.5%: Itching, dyspnea, wheezing
– 0.5-1%: Chest pain, nausea, hypotension, swelling, dyspepsia
– 0.2-0.5%: Diarrhea, flushing, headache, cardiac arrest, 

myalgias
– Anaphylaxis <1% (1.7% with iron dextran formulations)

■ Risk highest with IV dextran formulations
– Dextran > gluconate > sucrose = isomaltoside
– Isomaltoside: More skin reactions than sucrose

■ Sucrose : more fatigue, GI, and nervous system 
complaints than isomaltoside

■ **Serious adverse reactions 0.6% in both sucrose and 
isomaltoside groups

Fishbane et al. Am J Kid Dis. 1996;28(4):529-34
Derman et al. Am J Hematol. 2017;92-286-291



Hypersensitivity reactions

■ Complement activation-related pseudo-allergy

■ Complement pathway activates mast cells and basophils

■ Leads to secretion of histamine, thromboxanes, leukotrienes, 
and platelet-activating factor

– Trigger smooth muscle contraction, increased capillary 
permeability and loss of fluid from the intravascular 
space



Fishbane reaction

■ Most common reaction (1%)
■ Hypotension, dizziness, flushing, myalgias, back or chest pain
■ Self limited
■ Usually abate within a few minutes
■ Usually do not recur on re-challenge

■ Do not need specific treatment

■ Metallic taste and mild headache are normal physiologic 
response

Rampton et al. Haematoligca. 2014;99(11):1671-76



Predictors of Reaction
■ History of drug allergy (OR 2.4)
■ History of multiple drug allergy (OR 5.5)
■ Fast infusion rate (rapid increase in labile free iron)
■ Severe asthma or eczema
■ Mastocytosis
■ Severe respiratory or cardiac disease*
■ Old age*
■ Treatment with beta-blockers, ACEi*
■ First trimester pregnancy (no evidence in first trimester)
■ Anxiety (patient or staff)

*May worsen outcome of HSR, if occurs

Fishbane et al. Am J Kid Dis. 1996;28(4):529-34
Rampton et al. Haematoligica. 2014;99(11):1671-76



Prevention of HSR
■ Location: give infusions in appropriately staffed sites equipped with 

resuscitation facilities

■ Personnel: Staff should have regularly updated training in IV iron and 
adverse reactions

■ Patient: Provide information to the patient about the risk of a HSR before 
the infusion, and indicate its rarity

■ Administration: Check for risk factors for a HSR, document baseline VS, 
prepare infusion as per manufacturer’s instructions

■ Risk minimization: Weigh risks vs benefits for each individual patient.
– Monitor for HSR for ≥30 min post-infusion

Rampton et al. Haematoligica. 2014;99(11):1671-76


