
 

 

 

 

IRON - CARBOXYMALTOSE 

 

“Rain Steam and Speed - the Great Western Railway” oil on canvas, 1844, JMW Turner, 

National Gallery, London. 

 

“.....there comes a great engine upon you, moving at the rate of 50 miles an hour! - which 

the viewer had better make haste to see, lest it should dash out of the picture, and be 

away up Charing Cross through the opposite wall!... As for Mr. Turner, he has out-

prodigied all former prodigies ... The world has never seen anything like this picture”.  

 

William Makepeace Thackeray, 1844. 



Joseph William Mallord Turner’s work was little understood during his lifetime, and 

little wonder, as he was generations ahead of his time! Today his works are greatly 

loved, not only for their stunning impressionistic style, but also as priceless and beautiful 

works that have become icons documenting a brilliant age of unprecedented change. In 

1800 most people lived an existence that would be mildly disorientating to a time 

traveller from the Fourteenth century, but if an early Nineteenth century time traveller 

from the age of Napoleon travelled to the last years of the Belle Epoch, they would have 

wondered what planet they were on! - carriages that moved by themselves without 

horses, steel monsters that drove themselves on steel tracks by the roaring power of 

belching steam - machines that flew through the thin air carrying people, medical 

miracles that had defeated rabies, people talking to each other over vast distances via 

mysterious “waves” that could not be seen, other “waves” that could see a person’s very 

skeleton, and horrific weapons of war that could destroy an entire township in minutes, 

great ships made of steel that carried more people that inhabited most towns of the year 

1800, a cold and godless philosophy on the creation of humankind and its place in the 

Universe - an incomprehensible and terrifying new world! 

 

One work that quite beautifully captures the bewildering changes that were transforming 

British society in the Nineteenth century is “Rain, Steam and Speed - the Great Western 

Railway” painted in 1844, or possibly a year or two before. Though many 

contemporaries of Turner loved the work, they could not articulate in any way just why 

they did like it! It just seemed to have a certain novel appeal. This is not surprising, as 

the vocabulary that best describes much of Turner’s work did not even exist in 1844! To 

21st century sensibilities, the appeal is immediate and obvious - its clearly impressionist - 

or “proto-impressionist” as some prefer, as Impressionism supposedly was not even 

“invented” until Monet’s “Impression, Soleil Levant”, in 1873. The new Industrial Age 

did not have appeal to most Artists of the early to mid Nineteenth century. Indeed it was 

seen by most as a total corruption of traditional life. Factories were “Satanic Mills”, 

coal mining destroyed young lives, child labour was destroying society itself. The great 

new rail systems were not even depicted by Artists until well into the sixth decade of the 

century - most considering the new technologies unworthy of representation on canvas. 

And yet Turner was both fascinated and exhilarated by the revolution that was 

transforming people’s lives whether for the better or worse. Instead of rejecting it, he 

embraced the awesome new power of steam, coal and machinery into his works, and he 

did this in the exactly the same style of brilliant light and shade that he used for his 

subjects from the ancient classical world. The result was a visually stunning synthesis of 

the old with the new. Turner’s works documents the very origins of the great age of 

steam.  

 

In “Rain, Steam and Speed” we see a horizon of blinding brilliant light, reminiscent of 

some of his greatest works depicting classical antiquity, “Regulus” and “Dido Founding 

Carthage”, being two good examples. But it’s not antiquity here, its Nineteenth century 

Britain, and we do not see a Roman or a Carthaginian fleet gliding majestically from the 

light. Instead we see the explosive emergence across the Thames of a great roaring black 

steel machine of the age of steam. It is the technological wonder of its time. Possessed of 

awesome and previously unimagined power it symbolizes the new age of the Industrial 

Revolution. It runs on the tracks of a great iron bridge designed and built by one of the 



new “Captains of Industry”, and one of the greatest engineers of the day, Isambard 

Kingdom Brunel. It was rumored that the board of the Great Western Railway did not 

believe that Brunel’s arches would stand up under the massive weight of the engine  and 

its carriages and so they had ordered him to leave the wooden framework used to 

construct the arches firmly in place in order to help support the whole structure. Brunel 

however, supremely confident in his hegemony over the new iron age of engineering, 

simply lowered the framework slightly so that it had no structural effect, but appeared 

from a distance to be still supporting the bridge. Later, when the Thames flooded the 

wooden structure was simply washed away, but the new iron bridge remained utterly 

unaffected.  A new “Iron Age” was born!    

 

To the left of Turner’s masterpiece we see the old Maidenhead Bridge, now merely a relic 

of a past time that saw bridges carry horses and carriages across rivers. To the right of 

the picture is the tiny figure of a ploughman with his horses in a field, trudging slowly in 

the opposite direction to the railroad as if to symbolize a journey back into the past. Tiny 

figures on the bank of the river stop to look in awe at the vision of power and steam as it 

flashes past them in an instant. In the river itself we see a small boat, similarly with 

figures that appear to be standing and waving to the marvel above them. They symbolize 

a past age when the mode of bulk transport was by the great rivers and waterways, now 

rendered obsolete, seemingly overnight. Now one may easily agree that Turner was the 

prophet of Impressionism, a genius at many levels, not least in his astonishing 

prescience. But perhaps he was even more prescient than is generally realized. The early 

Impressionists were known for capturing the beauty of natural light as well as the fleeting 

moment in time - for capturing an ephemeral “impression” - if you like - on canvas. 

These however were very concrete impressions - of the natural and the real world. The 

genius of the second generation of Impressionists, was to create impressions not of the 

fleeting world, but of the fleeting mind - a thought, a feeling, a nostalgia, an intense 

emotion, a deja vu. As the magisterial Simon Schama has put it, they painted from inside 

the head and were led of course by the tortured genius of Vincent van Gogh. But look 

closely - very closely at Turner’s engine. We see the red hot glow of something - the 

hellish fiery coal powered source of the belching steam, the very heart and soul of the 

new age machine. Some commentators have speculated that perhaps Turner was not 

meaning to depict some odd reflection of light, but rather letting his imagination 

metaphysically see through the steel into the very source of the new power. If this was his 

intention, then not only was he a proto-impressionist - he was also a proto - Post 

Impressionist - and so the prophet not only of Monet but also of Van Gogh!           

 

To the ultra sharp eyed, observing the work in the real, a small hare can be seen racing 

ahead on the track in front of the steel Behemoth. This tiny detail has sparked intense 

debate amoung Art historians, and lovers of Art in general. Did Turner mean to say that 

the technological wonders of the new age of machinery, he so admired, had finally 

allowed humanity to conquer nature? The human created machine is now faster than 

anything nature could conjure, the hare symbolizing the fastest living creature on Earth - 

it seems obvious that the engine will overtake and crush the poor little animal. Not even 

driving torrential rain can slow the speed of the mighty steam engine as it most certainly 

could slow any means of transport that preceded the Nineteenth century. Nature is indeed 

finally conquered! But is this a necessarily a good thing? Does this infernal engine in 



fact depict a new evil, the eventual destruction of nature and the environment? Do we 

secretly hope that nature will still win out in the end - perhaps the hare will be fleet 

footed enough to escape the worst evils humankind can devise. Which view are we to 

take? For those who have studied or know anything about JMW Turner, it seems entirely 

possible he meant us to take both!               

 

Iron of course had been known to humanity since the so-called “Iron Age”, which 

dawned around 1200 B.C, though it’s use consisted in the main of rather rudimentary 

implements. Iron enjoyed a brilliant Renaissance by revolutionising human society a 

second time when along with coal it became the raw material that drove Industrial 

Revolution, and changed the world irrevocably.    

 

In the field of medicine Iron in the form of Iron - carboxymaltose now drives a 

Renaissance in the treatment of iron deficiency.          

 

A small fleet footed hare, flees before a behemoth of the new Industrial Age of steam. 

“Rain, Steam and Speed - the Great Western Railway” (Detail), oil on canvas, 1844,  

JMW Turner, National Gallery, London. 

 



IRON - CARBOXYMALTOSE 

 

Introduction 

 

Iron - Carboxymaltose (trade name in Australia “Ferinject”) is one of a range of newer 

IV iron preparations, that are far safer than the older iron-dextran preparation which is no 

longer used.   

 

Chemistry 

 

Iron - Carboxymaltose  is Ferric - carboxymaltose. 

 

Iron is contained in a stable ferric state as a complex with a carbohydrate polymer. 

 

Classification 

 

There are 3 IV iron formulations currently available: 

 

1. Iron - polymaltose  

 

2. Iron  - carboxymaltose  

 

3. Iron - sucrose  

 

The polymaltose formulation binds iron more tightly than the carboxymaltose and the 

sucrose formulations.   

 

As the carboxymaltose and the sucrose formulations bind iron less tightly there is more 

potential for free iron to “leach” into the circulation and cause adverse reactions.  

 

For this reason total replenishment dosing should not be attempted as a single dosing with 

the carboxymaltose or sucrose formulations.  

 

Total replenishment can be achieved in single dosing regimens with the polymaltose 

formulation however where iron is transferred directly to the body’s iron storage sites, 

with minimal leaching of free iron.            

 

 See Appendix 1 for comparison data. 

 

Preparation 

 

Ampoules: 

 

● 100 mg / 2 mL 

 

● 500 mg / 10 mL 

 



Mechanism of Action 

 

Iron is a vital component of:  

 

1. Haemoglobin: 

 

2. Myoglobin: 

 

3. Cytochromes and other enzymes essential to aerobic cellular metabolism. 

 

Pharmacodynamics 

 

Cumulative iron doses greater than 1000 mg must be split into two doses given at least 

one week apart.  

 

Pharmacokinetics 

 

Administration: 

 

● Iron - Carboxymaltose is given as an IV infusion.  

 

● IM Injection of iron preparations is not recommended as it is painful an can cause 

 permanent skin scarring and discolouration. 

 

Distribution: 

 

● The mean Vd is approximately 3 liters, corresponding to the plasma volume. 

 

Metabolism: 

 

●  Iron is incorporated into iron depleted haemoglobin, myoglobin and 

 cytochrome molecules.  

 

 Body transferrin and ferritin store are also repleted.  

  

Indications 

 

Indications for IV iron therapy in general include: 

 

1. Rapid repletion of iron stores is required:  

 

● Patients who require blood transfusion   

 

● There is a clinical need for a rapid restoration of iron stores for example in 

 patients where the optimisation of erythroid response is important to 

 prevent physiological decompensation and / or transfusion. 

 



It can help avoid significant complications or a blood transfusion (such as 

before or after major surgery or in late third trimester of pregnancy) 

 

2. Avoidance of blood transfusion in non-urgent situations  

 

● Blood transfusion carries greater risks than IV iron infusion and so should 

 be avoided unless there is an immediate need to increase the Hb level.  

 

IV iron transfusion offers another option to raise Hb levels, albeit more 

gradually, whilst avoiding a blood transfusion. 

 

3. Used for those unable to tolerate oral therapy  

 

4. Can be used for patients with malabsorption GIT disease   

 

5. Pregnancy (beyond the first trimester) and postpartum, to avoid imminent 

 decompensation/transfusion (e.g., in women who present late and/or display 

 severe anaemia). 

 

6. In situations of ongoing iron blood losses that will likely exceed oral iron 

 absorptive capacity 

 

7. Chronic renal impairment patients who are receiving concomitant erythropoietin-

 stimulating agent therapy. 

 

8. Useful for patients who are unreliable/ socially disadvantaged, who are unlikely to 

 be compliant and unlikely to present for follow-up     

 

Contraindications/ Precautions 

 

These include: 

 

1. Allergy to a parenteral iron product, means parenteral use is generally 

 contraindicated. However, in certain circumstances, e.g. chronic kidney disease, 

 an alternative formulation may be considered; seek specialist advice. 

 

2. Anaemia not due to iron deficiency (contraindicated). 

 

3. Haemochromatosis/ haemosiderosis (contraindicated). 

 

Pregnancy 

 

Intravenous and oral iron supplements are safe to use in correcting iron deficiency during 

pregnancy 

 



If possible, avoid parenteral iron products, in the first trimester, due to risk of 

hypersensitivity reactions (some manufacturers of parenteral iron contraindicate use in 

the first trimester). 3 

 

Iron - carboxymaltose is a category B3 drug with respect to pregnancy. 

 

Category B3 are those drugs which have been taken by only a limited number of pregnant 

women and women of childbearing age, without an increase in the frequency of 

malformation or other direct or indirect harmful effects on the human fetus having been 

observed. Studies in animals have shown evidence of an increased occurrence of fetal 

damage, the significance of which is considered uncertain in humans.  

 

Breast feeding 

 

Intravenous (and oral) iron formulations are safe to use during breastfeeding.  

 

Note that exclusively breastfed infants of women who are iron deficient may require iron 

supplementation as human milk is a poor source of iron. 

 

Adverse Effects 

 

In general terms the sugars cause the allergic reactions - while “leeched free iron” causes  

the other (“oxidative”) effects.  

 

1. Allergic/ hypersensitivity reactions: 

 

Anaphylactic and anaphylactoid reactions, though significant reactions are 

uncommon with the newer IV iron agents.   

   

 ● Fever 

 

 ● Bronchospasm 

 

 ● Tachycardia, changes hypertension/ hypotension  

 

 ● Dermatological hypersensitivity skin reactions can also occur 

 

2. Nonspecific constitutional symptoms.   

 

 ● Malaise 

 

 ● Nausea, vomiting 

 

 ● Headache 

 

 ● Arthralgias/ myalgias 

 



3. Chest muscle pain  

 

4. Hypophosphataemia 

 

5. Permanent skin staining: 

 

IM administration or para-venous extravasation of iron preparations can result 

in long lasting or permanent dark brown skin discolouration, inflammation and 

even tissue necrosis.  

 

In case of para-venous leakage, the infusion must be stopped immediately.  

 

Iron staining has been treated successfully with Nd-YAG laser therapy, resulting 

in almost complete resolution of staining.  

 

See Appendix 3 below  

 

6. Delayed reactions: 

 

It should be noted that acute reactions are usually mild and are uncommon 

 

Delayed reactions however, can also occur and in fact appear to be relatively 

more common that acute reactions. This phenomenon has been well documented 

for Iron - polymaltose, 4 but it is also seen with Iron carboxymaltose and Iron 

sucrose as well.  

 

Reactions tend to be of the non-specific constitutional type (as opposed to true 

allergic reactions). 

 

Delayed reactions occur up to 2 days after the infusion (in up to 26 % of cases for 

Iron -polymaltose in one study 4) and can last from a little as lasted 1 day to as 

long as 8 days, (with a median of 4 days).  

     

Patients who receive IV iron, should be warned of the possibility of a delayed 

reaction.   

 

Previous uneventful iron infusions do not guarantee freedom from adverse 

effects on subsequent infusions. 

 

Alternative parenteral iron preparations should be considered if iron 

deficiency recurs. 

 

This unexpected frequency of adverse events should not deter clinicians from the 

use of intravenous iron, as the problems associated with oral iron replacement 

therapy, including poor compliance, high rate of side effects and slow and 

inadequate iron repletion, far outweigh the chance of transient, mild, (albeit 



occasionally severe) adverse effects from a therapy that reliably ensures iron 

repletion. 

 

Dosing 

 

Dose and administration vary according to: 

 

● The formulation being given  

 

● Local protocols 

 

● Specific product information. 
 

Iron infusions should be prescribed on product-specific forms designed for local use, as 

maximum dose per infusion, rate of infusion and dilutions are not interchangeable 

between the various formulations.   

 

Cumulative iron doses greater than 1000 mg must be split into two doses given at least 

one week apart.  
 

Exact dosing regimens are complex and are based on the Ganzoni formula for 

calculation of total body iron deficit which gives the total iron dose in mg for restoration 

of haemoglobin (Hb) and repletion of body iron stores. Ideal body weight is used, (see 

Appendix 2 below). 

 

A reasonable initial empiric dosing for iron - carboxymaltose is:   

 

● A maximum dose of 1000 mg for patients > 50 kgs weight  

  

● A maximum dose of 500 mg for patients < 50 kgs weight  

 

Dilute in 100 mls of normal saline and infuse over 30 minutes  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Appendix 1 

 

 

Formulation 

 

 

Cost 

 

Initial  

Empiric 

Dosing 

 

DILUTION & 

RATE 

 

Subsequent Dosing to  

Achieve Total 

Replenishment  

 

 

Iron - Polymaltose 

 

 

Ferrum H 

  

$ 3.42 

 

1000 mg for > 

35 kgs 

  

500 mg for < 35 

kgs 

 

 

Give in 250 mls 

normal saline over 

2 hours  

 

 

Total iron 

replenishment can be 

achieved in a single 

initial dose. 

 

 

Iron - 

Carboxymaltose 

 

 

Ferinject 

  

$ 36.38 (100 mg 

ampoule) 

  

$ 141.37 

(500 mg 

ampoule 

 

 

1000 mg for > 

50 kgs 

  

500 mg < 50 

kgs 

 

 

Give in 100 mls 

normal saline over 

30 minutes 

  

 

Cumulative iron doses 

greater than 1000 mg 

must be split into TWO 

DOSES given AT 

LEAST ONE WEEK 

APART 

 

 

 

Iron – Sucrose 

 

 

Venofer 

  

$ 4.62 

 

200 mg for > 35 

kgs 

  

Consult 

Haematol for  

< 35 kg 

 

 

Give in 100 mls 

normal saline over 

30 minutes 

  

 

Doses of 200 mg can 

be repeated every 72 

hours to achieve the 

required iron total. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Appendix 2 

 

The Ganzoni formula for the calculation of total body iron deficit: 

 

Total body iron deficit in mg = Iron depot + [weight in kg x 0.24 x (target Hb in g/L 

– actual Hb in g/L)] 

 

● Use ideal body weight if overweight/obese 

 

● Iron depot (store):  

 

 >34kg weight = 500mg 

 

 ≤  34 kg weight = 15mg/kg body weight (to a maximum of 500mg). 

 

● Target Hb: 

 

 ♥  > 34 kg weight = 150g/L 

 

 ♥ ≤ 34 kg weight = 130g/L 

 

Ideal body weight is calculated from the following formula (Australian Medicines 

Handbook 2012): 

 

● Females: 45.5 kg + 0.9 kg/cm for each cm >152 cm.  

 

● Males: 50 kg + 0.9 kg/cm for each cm >152 cm. 

 

Add 10% for a heavy frame; subtract 10% for a light frame 

 

Alternatively: 

 

A medical calculator is available at: 

 

● http://www.mdcalc.com/  

 

 

 

 

 

 

 

 

 

 

 

 



Appendix 3 

 

Iron staining secondary to extravasation of IV Iron polymaltose. It was administered via 

rapid infusion to a patient with iron deficiency anaemia. Staining developed during the 

infusion, which was stopped immediately. Panel A show the arm 30 after cessation of the 

infusion. Staining extended to a large part of the arm, and follow up at 21 days revealed 

no change in size; Panel B.  

 

This reaction has been reported with multiple iron preparations. One study found an 

incidence of 1.3%. Iron staining can be successfully treated with Nd - YAG laser therapy, 

resulting in almost complete disappearance. Intravenous infusion sites should be 

monitored closely for extravasation during administration. 

 

Nd - YAG (neodymium-doped yttrium aluminium garnet; Nd:Y3Al5O12) is a crystal that 

is used as a lasing medium for solid-state lasers.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Appendix 4 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Neodymium (from Life Science Library, “Matter”, 1963). 

 

Neodymium is named from “neos didymos” or “new tin”. It was discovered in 1885 by 

the Austrian chemist Carl Auer von Welsbach. 

 

Elemental symbol:  Nd  

 

Atomic number  60    

 

Atomic weight :  144.242  

 

Melting point:   1024 °C 

 

Boiling point:   3074 °C  

 

Classification:   A rare Earth metal  

 

Physical Appearance:  A bright, silvery metallic luster 
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