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ABSTRACT
There are several newer intravenous iron formulations to treat iron deficiency and its anaemia. Its use 
in the primary care setting has been infrequent compared to tertiary centres, due to historical concerns 
such as anaphylaxis. There is a lack of overall comparison among the intravenous formulations of 
iron. Compared to oral iron therapy, the newer intravenous formulations, which allow a complete or 
near-complete replacement in a single sitting of 15–30 minutes, have an improved safety profile with 
better tolerability, efficacy and effectiveness. They are suited for administration in the primary care 
setting. The four non-dextran formulations (ferric carboxymaltose, iron sucrose, iron isomaltoside and 
ferumoxytol) share an equal or near equal efficacy and safety profile. This article also outlines how to 
provide iron infusion safely and effectively in the community.

Iron is an essential element and nu-
trient for the human body functions. 
Iron deficiency (ID) and iron deficiency 

anaemia (IDA) are common health problems 
worldwide. The World Health Organization 
(2011) estimated 34% of the global popula-
tion (>2 billion) is affected by anaemia. The 
most common type of anaemia was ID (50% 
of total anaemia), which primarily affect-
ed women of reproductive age and young 
children.1

Although the practice of intravenous (IV) 
iron to treat iron deficiency and its anaemia 
has existed for more than six decades,2 its 
use in primary care centres has, compared to 
tertiary centres, not been widespread, largely 
due to historical concern of anaphylaxis and 
lack of remuneration. Administration of 
newer (non-dextran) iron formulations allows 
a complete or near-complete replacement in 
a single sitting of 15–30 minutes. These newer 
formulations have an improved safety profile 
and better tolerability, efficacy and effec-
tiveness compared with oral iron therapy. 
They are suited for administration in primary 
care or community practices in a proper 

setting. This article outlines how to provide 
iron infusion safely and effectively, along with 
a brief comparison of the newer formulations 
(ferric carboxymaltose (FCM), iron sucrose 
(ISC), iron isomaltoside (IIM) and ferumoxytol 
(FOT)). 

Although in most guidelines oral iron 
remains as a the first-line treatment for 
replacement of iron, its common side 
effects (gastric upset and constipation and 
the need to take it regularly for months 
to replenish iron stores) often result in 
non-adherence. Because intramuscular iron 
injection can cause pain and skin staining 
and require multiple injections with ques-
tionable absorption, it is therefore no longer 
favourable.

Indications and 
contraindications

Symptoms specific to ID are relatively 
uncommon but can include pagophagia (ice 
craving) or other forms of pica and rest-
less-legs syndrome. Symptoms related to 
IDA are non-specific: they include fatigue, 
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weakness, tiredness, dizziness, irritability 
and pale skin, and in severe cases chest 
pain, palpitations or shortness of breath. 
Hair and nail disorders such as koilonychia 
(spoon nails) can also occur in chronic IDA. 
More importantly, the untreated ID and 
IDA can eventually impact on cognition, 
academic achievement, exercise tolerance, 
work productivity and quality of life.3 ID 
and IDA should be confirmed by blood count 
and iron studies with correct interpretation. 
Although the details of investigation for 
IDA are beyond the scope of this article, it is 
always imperative to address the underlying 
cause while correcting the deficiency.

Infusion offers an alternative route of 
administration for those in whom oral 
iron is unsuitable due to intolerance, poor 
adherence, impracticality or contraindica-
tions. Indications for iron infusion include ID 
and IDA caused by the underlying conditions 
described in Figure 1.4-6 Figure 2 lists contra-
indication for infusion.4-6 Precautions include 
individuals with acute infection, asthma, 
marked atopy, liver dysfunction or conditions 
associated with low phosphate in the body. 
There are insufficient data to support the 
safety of iron infusion in the first trimester 
of pregnancy and in children under 14 years 
of age. Nevertheless, trial infusions of ferric 
carboxymaltose, iron sucrose and feru-
moxytol in children (<14 years) at tertiary 
centres have shown some promises and is 
going to have further evaluation. 9–15

Benefits
Intravenous iron rapidly restores iron and 

expedites haemoglobin synthesis. Newer 
formulations (Table 1) contain carbohydrate 
cores that more tightly bind elemental iron,  
allowing for a much slower release and 
providing marginal or fewer reactions.1,16  

They have also demonstrated greater 
efficacy and effectiveness and, compared 
to oral therapy and previous parenteral 
formulations, can improve quality of life 
and productivity. 6,17,18 Newer formulations 
also have the potential save health costs by 
reducing the frequency of visits to hospital 
and healthcare providers.18–21  Some studies 
have indicated that the newer genera-
tions of intravenous iron are underutilised 
due to historical fears about anaphy-
laxis that were far more common with 
high molecular weight iron dextrans (eg, 
imferon, dexferrum), which are no longer 
available.16,19 Two narrative reviews and one 
meta-analysis have suggested a reconsid-
eration of the current paradigm whereby 
oral iron treatment is considered a first-line 
therapy;16,19,22 it needs further evaluation 
with a broad consensus. There are greater 
than 20 randomised studies in which IV 
administration of iron offers better tolera-
bility, efficacy and effectiveness compared 
to oral iron.23–28 One randomised control 
trial in Australia described the cost of IV use 
as no more than the cost for oral therapy, 
in addition to having superior tolerance, 
efficacy and effectiveness.29    

Figure 1: Indications for iron infusion.

• Malabsorption (coeliac disease, inflammato-
ry bowel disease, weight-loss surgery, bowel 
resection) 

• Inadequate diet (vegan, vegetarian)
• Excess blood loss (chronic occult bleeding, 

excess menstrual blood loss, childbirth)
• Increased body demand (pregnancy of 

beyond first trimester, rapid growth) 
• Anaemia of chronic disease/inflammation 

(chronic kidney disease, cancers, rheuma-
toid arthritis, heart failure), in which func-
tional iron deficiency (FID)† can be present

• Intolerance, poor adherence or unrespon-
siveness to oral iron  

†FID denotes a state in which there is insufficient iron 
mobilisation for erythropoiesis despite normal or high 
ferritin concentrations with a low transferrin saturation 
reflecting inadequate iron availability. Maintaining 
the ferritin level greater than 100–200 μg/L in some 
chronic conditions, such as heart failure, is important 
to improve ventricular function, quality of life and to 
reduce hospitalisations.7,8

Figure 2: Contraindications for iron infusion.

• Anaemia not caused by iron deficiency 
• Known anaphylaxis to the specific iron 

product
• Iron overload conditions (haemochromato-

sis, hemosiderosis, thalassemia major)
• High-risk patients with serious comorbidi-

ties (moderate to severe failure of the heart, 
liver or respiratory system); such individu-
als could be managed at tertiary facilities    
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Adverse effects
• Anaphylaxis is rare but can be 

life threatening if not managed 
properly.21 It involves bronchospasm 
with dyspnoea, angioedema, tachy-
cardia and hypotension. Rates vary 
according to iron formulation: FCM 
and ISC (1–10/10,000 cases (≈0.1%–
0.01%), IPC (10–100/10,000 cases).6,30 

Two review studies, one of which 
was a meta-analysis, reported that a 
properly defined serious anaphylaxis 
are even less than the above rate, if 
dextran is excluded and drug therapy 
(adrenaline, antihistamine) is given 
for minor reactions in the context of 
practitioners’ fears for further deterio-
ration, which is not uncommon.31,32     

Less severe or minor reactions include:
• Facial flushing, urticaria, arthralgia, 

myalgia, sensation of stiffness in face 
or limbs. 

• Dizziness, headache, nausea, 
dysgeusia.

• Injection site reactions (pain, discol-
oration of skin). Skin staining 
usually fades over time, but may 
be permanent, in which case laser 

therapy could be considered.33  It 
may become a serious issue in young 
women. See Figure 3 on how to avoid 
or minimise such an incidence and 
others.

• Delayed symptoms may occur one- 
or two-days post infusion: chills and 
fever, headache, arthralgia, myalgia, 
urticaria/rash, angioneurotic oedema. 

• Transient hypophosphatemia may 
also occur, particularly with FCM.30,34

Dosage
The Ganzoni formula (created by Dr 

Ganzoni of Zurich) usefully estimates a 
replacement dosage of parenteral iron 
required (Table 2).35 However, a simplified 
method of calculation based on current 
haemoglobin level and body weight can 
also be used if preferred (Table 2). Each 
iron product has specific instructions for 
dilution and duration of infusion, so refer 
to the specific instruction or local guide-
lines for each product whenever possible. 
Generally, FCM (1,000mg) and IIM (1,000–
1,500mg) can be given as a single dose over 
15–30 minutes.36 As per manufacturer, FOT 
is to be given 510mg at a time; two trials of 
1,020mg infusion over 15–30mins reported 

Table 1: History of parenteral iron products.1,18,19 

Year Iron products 

Before 1954 Ferric hydroxide and iron saccharide (severe reactions and toxicity).

1954 Iron dextran (IDX): Imferon (high molecular weight) withdrawn in 1991. 

1992–1997 Iron dextran (IDX): INFeD (low molecular weight), Dexferrum (high molecular weight, 
withdrawn in 2009), Infufer (low molecular weight). Unavailable in Australasia. 

1990s Iron polymaltose complex (IPC):  Ferrosig, Ferrum H. Note: the oral formulation of IPC 
has been available since 1978.

1999 Ferric gluconate (FGC): Ferrlecit.

Newer formulations

2000 Iron sucrose (ISC):† Venofer.

2001 Iron dextran (IDX): Cosmofer (low molecular weight). Unavailable in Australasia. 

2009–2010 Ferumoxytol (FOT): Feraheme.
Iron isomaltoside (IIM):† Monofer.
Ferric carboxymaltose (FCM):† Ferinject.

† = Approved by Medsafe and subsided by PHARMAC in New Zealand.
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Figure 3: Preparation and administration of intravenous iron.

• The iron ampoules/vials should be stored below 25–30°Celcius and protected from light. Do not 
refrigerate nor freeze. 

• Obtain informed consent after discussing the pros and cons of the procedure.
• The ideal solution for dilution is 0.9% isotonic saline, as not all formulations are compatible with 

dextrose. Dilution amount for drip infusion is 250ml–500ml, and 10ml–20ml for IV push/bolus.  
• Use aseptic technique (as for venepuncture).
• Keep a resuscitation kit (including adrenaline) nearby in case of anaphylaxis.  
• Adverse reactions can be minimised with a slower infusion rate, particularly in the initial stages. 

Consider taking 30 minutes, instead of 15 minutes, and using a drip infusion instead of an IV bolus.     
• The injector should be seated in a comfortable position if elected for slow IV bolus. 
• Take appropriate observations during the infusion.
• To avoid or minimise skin staining, you must prevent extravasation by ensuring the IV canula 

is inside the vein at the insertion site by initially running saline fluid and then, at the end of the 
infusion, flushing with 20–50mL of saline fluid and applying an instant compression pressure with 
cover. Do not rub or massage over the IV/infusion site. 

• Do not attempt for IV iron administration without being trained for IV canula insertion and proper 
setup. 

Table 2: Ganzoni formula and simplified method of calculation for iron dosage.

Ganzoni formula

Total iron deficit/requirement (mg) = {body weight (kg) x (target Hb – actual Hb in g/L)} x 0.24 + iron 
depot (500mg).  

Example of calculation for a patient with an ideal body weight of 60 kg and Hb = 80g/L, and the target Hb 
is set to be 150 g/L. The total required iron dose = {60 x (150 - 80)} x 0.24 + 500 mg = 1508 mg (1500 mg).

Simplified method of calculation for iron dosage

Hb g/L Body   weight 35 to <70Kg Body weight ≥70 kg

<100 g/L 1,500 mg 2,000 mg

≥100 g/L 1,000 mg 1,500 mg

no safety concerns, but this needs further 
appraisal.37.38 ISC requires multiple fraction 
doses with 100–200mg maximum at a time, 
which is commonly used in renal dialysis 
patients.

Comparison 
A literature search of comparison 

studies for four non-dextran formula-
tions (FCM, ISC, IIM and FOT) yielded 
a total of 22 head-to-head comparisons 
(n=10,269) and three multi-comparisons 
(more than two products).39–63 The compar-
isons included various types of studies, 
such as randomised and clinical trials, 
cohorts and reviews. The subjects were IDA 

patients with any cause, such as diet, child-
bearing and menorrhagia, gastrointestinal 
disorders, renal failure and cancer. The 
overall analysis revealed that those four 
formulations share a comparable safety 
profile and efficacy overall. However, 
products that can deliver a replacement 
with a single large dose rapidly increase 
blood parameters and offers a more conve-
nient dosing regimen. Hypophosphatemia 
can be encountered infrequently with FCM 
and its long-term clinical significance is 
unknown due to lack of study. Appendix 
Table 1 illustrates details of comparison 
with total numbers, methods and subjects 
of studies.   
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Discussion  
and conclusion  

Apparently, iron infusion with those 
newer formulations has a better safety 
profile than old dextran iron and can 
provide a more convenient and effective 
alternative to adhering to months of oral 
iron replacement. Overall, there is little 
current evidence to recommend a single 
best iron product for infusion among the 
four non-dextran products. However, 
formulations that can deliver a replacement 
with a single large dose would be more 
convenient and require fewer visits to 
healthcare providers. Although anaphylactic 
reactions are rare with newer non-dextran 
formulations, close monitoring during 
administration is recommended for infusion 
with all IV iron products. Choice of product 
will be determined by local availability/
guidelines, cost and convenience. 

Key points: 
• Modern intravenous iron formula-

tions offer an improved safety profile 
with better tolerability, efficacy and 
effectiveness compared to oral iron 
therapy. 

• There is no strong current evidence 
to recommend a single best iron 
product for infusion among the four 
non-dextran formulations. 

• Choice of iron product for infusion 
will depend on local availability/
guidelines, cost and convenience.

• Two narrative reviews and one meta-
analysis suggested a reconsideration 
of the current paradigm whereby 
oral iron treatment is considered a 
first-line therapy; it needs further 
evaluation.
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Appendix Table 1: Head-to-head comparison of non-dextran intravenous iron formulations. 

Year of publication Type of study Sample number Note

FCM vs ISC

1. Lee et al (2019)39 Randomized open-label, multicentre 101 Menorrhagia patients 

2. Laso-Morales et al (2019)40 RCT 48 Colorectal cancer patients

3. Mahey et al (2017)41 RCT 30 Gynaecological patients 

4. Jose et al (2019)42 Randomized clinical trial 100 Pregnant women 

5. Naqash et al (2018)43 Phase IV clinical trails 200 IDA in normal women 

6. Christoph et al (2012)44 Cohort (retrospective) 206 Pregnant women

7. Sharma et al (2017)45 Cohort (prospective) 120 Post-partum anaemia.

8. Bisbe et al (2011)46 Cohort, multicentre comparative 76 Surgical patients 

9. Hofman et al  (2018)47 Cohort (retrospective) 221 Renal patients

Total (n) 1102

FCM vs IIM

1. Ehlken et al (2019)48 Cohort retrospective (FCM 309 + IIM 339) 748 Data extraction (2014-2017)

2. Mulder et al (2019)49 Cohort (single-centre) 1334 IDA of any cause

3. Wolf et al (2020)50 Randomized clinical trials 123 IDA of normal adult. 

4. Pollock et al (2019)51 Systematic review on RCTs 19 Indirect comparison

2224

FCM vs FOT

1. Adkinson et al (2018)52 Randomized, multicenter,  
double-blind clinical trial

1997 IDA of any cause

Total (n) 1997

ISC vs IIM

1. Bhandari et al (2015)53 Randomized open-label 351 Renal patients

2. Auerbach et al (2019)54 Prospective, multi-center, randomized 
comparison

1512 IDA in normal adult 

3. Derman et al (2017)55 Randomized open-label, comparative, 
multi-center trial

511 IDA of any cause

4. Derman et al (2018)56 Randomized trial 248 Gynaecology patients

5. Bhandari et al (2020)57 Randomized, open-label, 1538 Renal patients

Total (n) 4160

ISC vs FOT

1. Macdougall et al (2014)58 Randomized, open-label, multicentre 162 Renal patients

2. Hetzel et al (2014)59 Randomized, open-label 605 IDA of any cause 

3. Strauss et al (2016)60 RCTs, post-hoc analysis 767 Renal patients + IDA of any cause

Total (n) 1534

Grand Total (n) 10269

ISC= iron sucrose, FCM= ferric carboxymaltose, IIM= iron isomaltoside (aks ferric derisomaltose), FOT= Ferumoxytol.

Appendix
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