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Why intravenous iron dosing is an issue? 
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Intravenous (IV) iron 

▪ IV iron has been widely used 

▪ A highly effective means of replacing iron deficits 

▪ Indications
▪ Surgical patients: pre and postoperative period
▪ Chronic kidney disease (with or without receiving hemodialysis )
▪ Heart failure
▪ Inflammatory bowel disease
▪ Cancer, chemotherapy-related anemia, etc

▪Optimum dose remains uncertain
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Iron metabolism 
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Iron homeostasis

➢Circulating iron
▪ Hemoglobin-bounded iron (erythrocytic iron)

▪ Plasma iron bound to transferrin (each transferrin can bind up to  two iron atoms)

▪ Transferrin forms: apotransferrin, mono-ferric transferrin, di-ferric transferrin

▪ Plasma transferrin saturation (TSAT) : key index

➢Stored iron
• Ferritin: intracellular iron-storage protein

• Maintain labile cellular iron levels within a safe range 

P. Brissot et al. Transfusion Clinique et Biologique 26 (2019) 80–88 
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Iron homeostasis

➢Hepcidin
▪ Key iron-regulatory protein synthesized in the liver

▪ ↓Plasma iron levels - ↓ Hepcidine production 

▪ ↑Plasma iron levels - ↑ Hepcidine production 

▪ Upregulated during Inflammation and infection 

P. Brissot et al. / Transfusion Clinique et Biologique 26 (2019) 80–88 
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Vulnerability of iron homeostasis

1) Risk of iron deficiency
▪ Humans cannot synthesize iron

▪ Entirely dependent on dietary intake

2) Risk of iron overload
▪ Limited ability to increase iron excretion

▪ Excessive intake (oral or parenteral) can accumulate 

➢Intravenous iron
• Bypass the normal physiologic hepcidin-regulated intestinal absorption 

• Carries a potential risk of iron overload

P. Brissot et al. / Transfusion Clinique et Biologique 26 (2019) 80–88 



8

IV iron preparation and dosing methods
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Iron sucrose (IS) Iron isomaltoside 1000 (IIM) 
or  ferric derisomaltose (FDI)

Ferric carboxymaltose
(FCM)

Concentration of 
elemental iron

20 mg/ml 100 mg/ml 50 mg/ml

Max dose in sing 
administration for pts > 
35 kg

200 mg 20 mg/kg with
(Max.dose: 1500 mg )
EU, UK, New Zealand

(Max.dose: 1000 mg)
≥50kg, US

20 mg/kg: < 50kg, US

20 mg/kg with
(Max.dose of 1000 mg)

Total dose single
infusion

No Yes (< 20 mg/kg) No (unless total body iron 
deficit is ≤ 1000 mg)

Frequency of 
administration

≤ 3 times/week More than 20 mg/kg, 
7 days apart

7 days apart

Infusion time for 
maximum dose

15 min – 30 min 15 min – 30 min 15 min

Qassim et al. Aust N Z J Obstet Gynaecol 2018; 58: 22–39. 

Jahn et al , European j. of pharmaceutics and biopharmaceutics 78 (2011) 480-491
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Dosing methods

Total iron dose (Ganzoni formula)

= [actual body weight (kg) x (15 – actual Hb)] x 2.4 + iron stores 

1. Modified Ganzoni formula

Total iron dose = [actual body weight x (13 – actual Hb)] x 2.4 + iron stores 

(Iron stores: approximately 500 mg)

Ex>  Hb 9.5, body weight 70 kg:  1088 mg

▪ Administration
▪ Multi-fractionated infusion
▪ Single high-dose administration 

2. Fixed-dose: single high-dose, body weight and Hb
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Wt < 50 kg: Ganzoni formula
Body weight 50-70 kg

Evstatiev et al. GASTROENTEROLOGY 2011;141:846–853
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• Dosing 

✓FCM: up to 3 infusions of 1000 mg or 500 mg each 

✓IS:  Ganzoni-calculated,  up to 11 infusions of 200 mg each 

• Hb response (Hb increase ≥ 2 g/dl) 
✓ FCM: 65.8%  
✓ IS: 53.6% 
✓Difference: + 12.2% (P=0.004)

• Hb normalization 
✓ FCM: 72.8%  
✓ IS: 61.8% 
✓Difference: +11.0 % difference (P = 0.015)

The simple FCM-based fixed dosing regimen showed better efficacy 

and compliance

Evstatiev et al. GASTROENTEROLOGY 2011;141:846–853
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Clinical efficacy evidence
Low-dose, multi-fractionated vs High-dose, single infusion
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Evstatiev et al. GASTROENTEROLOGY 2011;141:846–853
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• Stratification factors 
• Baseline Hb ≤9.0 / 9.1-10.0 / ≥10.1 

g/dl 

• Baseline cv risk, region, ESA use and 
CKD stage

• Dosing 

• FCM  
• 15 mg/kg, max 750 mg per dose, 

• Two infusions: a max total dose of 1500 mg (Days 0 and 
7) 

• IS 
• 200 mg 

• 5 infusions (total 1000 mg) (Days 0, 7, and 14)
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Cumulative dose of iron : 1000 mg 
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Bhandari et al. Nephrol Dial Transplant (2021) 36: 111–120
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• Postoperative anemia in colorectal ca. patients

• Hb < 10g/dl

• Hb ≥ 10-10.9 g/dl

• The mean iron deficit = 1000 mg (Ganzoni)

• The median IV iron dose: 1000 mg vs 600 mg 

• The primary endpoint: the change in Hb at POD30

• No b/w group differences in mean change in Hb from 
POD1 to POD30 (FCM: 2.5 g/dl, IS :2.4g/dl), in 
transfusion requirements, the infection rate was lower 
in the FC group compared with the IS group (9.8% vs 
37.2%)

• The administration of approximately 500 mg of IS 
resulted in an increase in Hb at POD 30 similar to that 
of 1000 mg of FCM

Laso-Morales MJ et al. Blood Transfus. 2022 Jul;20(4):310-318. 
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▪ FCM vs IS
▪ Dosing 

✓The mean iron deficit (Ganzoni) =  approximately 1000 mg 
✓The median IV iron dose: FCM 1000 mg vs IS 600 mg 

▪ Efficaty
▪ Mean Hb increase from POD1 → POD30
▪ FCM: +2.5 g/dl, IS:+ 2.4 g/dl
▪ No significant differences in transfusion requiremtns
▪ ~500 mg IS = 1000 mg FCM in Hb response

▪ Safety 
▪ Infection rate:  FCM < IS (9.8% vs 37.2%)

Laso-Morales MJ et al. Blood Transfus. 2022 Jul;20(4):310-318. 
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Potential safety concerns of IV iron

22

1  Iron overload and toxicity

Infection risk 

Hypersensitivity reactions 

Hypophosphatemia

2

3

4

1
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Iron overload and toxicity
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➢Iron overload 

• Condition of increased total body iron content 

• Time-dependent risk of organ dysfunction

• Pathologic iron overload: organ injury caused by excess iron 

1

➢TSAT > 45% :  non-transferrin bound iron(NTBI) → parenchymal iron deposition

• TSAT > 78-80% 

▪ Labile plasma iron, reactive plasma iron 

▪ Generate oxygen radical species

➔Damage cell membrane, intracellular organells, DNA

➢Ferritin > 1000 ng/l: liver parenchymal injury
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➢PIVOTAL study: ferritin < 400 ng/l, TSAT < 30%

Stop: 

1) ferritin >200 ng/l + TSAT > 20% 

2) ferritin > 70 ng/l 

3) TSAT ≥ 40%
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Cumulative dose of iron : 1000 mg 

Bhandari et al. Nephrol Dial Transplant2021 Jan 1;36(1):111-120.
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▪ Monthly assessments of serum ferritin and TSAT
▪ Proactive, High-dose group
: median monthly iron dose: 264 mg [200-336]
▪ Restrictive, Low-dose group
: median monthly iron dose: 145 mg/ [100-190]
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I Iron overload and toxicity
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➢Cardiovascular risk
▪ Atherosclerosis 

▪ Arterial remodeling 

➢Hepcidin and CV risk 
▪ Mechanism 

▪ ↑Hepcidin:  prevent mobilization of iron from 
macrophages

▪ Monocyte chemoattractant protein-1 release 

▪ Promotes vascular damage, especially in  
metabolic disease

1

▪ Microbial growth

▪ Promotes proliferation & pathogenicity 
of bacteria, viruses, parasites, helminths, 
and fungi 

▪ Clinical evidence

▪ Controversial results: some show ↑ 
or no significant association

1. Infection risk and IV iron2
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JAMA Network Open. 2021;4(11):e2133935
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Potential safety concerns of IV iron

31

1  Iron overload, toxicity

Infection risk 

Hypersensitivity reactions 

Hypophosphatemia

2

3

4

1
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Hypophosphatemia4

Placebo FCM PREVENTT study 
Preoperative treatment for 
anemia before major open 
abdominal surgery

IV FCM 1000 mg (n = 244)
Placebo (saline) (n = 243)
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Hypophosphatemia4
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SCHAEFER ET AL.

Risk factors

✓ FCM > IIM or FID

✓ Low baseline ferritin & TSAT
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▪ Initial high-dose IV iron  
▪ Faster correction of deficits
▪ Improving erythropoiesis

▪ Multiple low-dose iv iron
▪ Similar Hb response
▪ Lower convenience & compliance

▪ Iron deficiency: ↓ Physiologic reserve, ↓ Iron overload risk

▪ Follow-up
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Iron deficit dose in clinical studies

Study Patient population Calculated mean iron 
deficit based on the 
modified Ganzoni
Formula (mg)

SD No. of 
patients

Van Wyck et al Postpartum 1458 330 182

Van Wyck et al Heavy ut.bleeding 1608 383 251

Seid et al Postpartum 1539 351 143

Barish et al IDA various etiologies 1520 342 348

Hussain et al IDA various etiologies 1508  359 161

The required dose to replace the iron deficit is usually > 1000 mg

Koch et al. Anemia. 2015, article ID 763576, 10 pages
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Iron deficit dose in clinical studies
Patient 
population

Treatment Calculated mean 
iron deficit (mg)

SD No. of 
patients

Total 
mean 
(mg) 

IDA various 
etiologies

1500 mg IV iron vs 
Oral iron 

1340 vs 1344 356 vs 360 246 vs 253 1496

1500 mg IV iron vs     
IV standard of care

1600 vs 1703 460 vs 482 252 vs 245

NDD-CKD
(REPAIR-IDA)

1500 mg IV iron vs 
1000 mg IV iron

1355 vs 1349 401 vs 403 1275 vs 1285 1352

Overall mean 1392 3556

Koch et al. Anemia. 2015, article ID 763576, 10 pages
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Koch et al. Anemia. 2015, article ID 763576, 10 pages

Retreatment 
FCM 15 mg/kg (750 mg) 
Iron sucrose: 200-800 mg, 1-4 times

Hb < 11 g/dl  + ferritin ≤ 100 ng/ml 
or ferritin ≤ 300 + TSAT <30%
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Lancet 2020; 396: 1353–61 Colorectal Disease. 2021;23:2550–2558 
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Colorectal Disease. 2021;23:2550–2558 

Hb, weight adjusted dose + 20 mg/kg
Iron isomaltoside: median dose of 1500 mg
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IV iron  
Effective and 

safe if 
optimized 

Practice
Tailored dose &

Follow-up

Safety
Iron overload (organ 

injury), CV & infection 
risk, hypophosphatemia, 

hypersensitivity

Efficacy 
High-dose 

(faster, 
stronger)


