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Abstract

Introduction: Intravenous iron formulations have been approved in 
Europe and North America for the treatment of iron deficiency if oral iron is not 
tolerated or not efficacious. Recently-developed intravenous iron formulations 
exhibit specific physicochemical and immunological properties, with distinct 
bioavailability, efficacy and safety profiles.

Area of Interest: intravenous iron formulations safety and tolerability were 
reviewed in the framework of a Swiss expert meeting. This work focused on the 
specificity of each compound with emphasis on the practical aspects of its use.

Expert Opinion: Adverse reactions in response to iv formulations can be 
categorized into two main types: hypophosphataemia and hypersensitivity. 
Hypophosphatemia follows administration of ferric carboxymaltose at a higher 
rate in comparison to other formulations, but is mostly mild, transient and 
asymptomatic. However, the decrease in serum phosphate following repeated 
administration of iron preparations can affect bone health, particularly in patients 
at risk for osteomalacia. Severe hypersensitivity reactions are the most life-
threatening adverse reactions to intravenous iron supplementation. Iron (III)-
isomaltoside 1000 seems to induce severe hypersensitivity more often (RR 5.6 
- 16.2) than ferric carboxymaltose. Further studies are needed to address issues 
of long-term safety in high dose and prolonged administration of intravenous 
iron preparations in case of chronic diseases.
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Introduction
It took several decades to transform a highly toxic colloidal 

solution of Intravenous (IV) ferric hydroxide that had elicited 
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severe adverse reactions into commercially available parenteral iron 
preparations that enable high doses of IV iron to be administered in a 
short lapse of time and with a comparatively low risk of adverse effects. 
Iron (III) sucrose, one of the first commercially available intravenous 
iron compounds, went into clinical use in Europe in 1949 [1]. High 
molecular weight iron dextran followed in the 1950s but its usage 
was stopped due to anaphylactic reactions following administration, 
except in clinical conditions offering no alternative [2]. In 1977, IV 
administration of ferric gluconate [3], and in the 1990s low molecular 
weight iron dextran went into clinical use, the latter with a lower risk 
of severe adverse drug reactions [4]. Near 2000, three “new- or third-
generation” iron preparations entered clinical use: ferumoxytol, 
ferric carboxymaltose and iron (III)-isomaltoside 1000. Their high 
stability enables a total replacement dose to be administered in just 
one or two infusions. Nevertheless, each of these products exhibits 
particular physicochemical and immunological properties which 
have led to distinctive clinical outcomes and safety profiles [5]. This 
review focuses on ferric carboxymaltose and iron (III)-isomaltoside 
1000 as the current “new generation” IV iron preparations mainly 
used in Europe. It is out of the scope of this article to provide practical 
approaches regarding diagnosis of ID and detailed advises on its 
treatment in specific therapeutic areas.

Physicochemical and Immunological 
Properties of Intravenous Iron

All IV iron preparations are colloidal suspensions of nanoparticles. 
They consist of a polynuclear core of iron (III) oxyhydroxide 
surrounded by a carbohydrate ligand (“shell”). The carbohydrate shell 
stabilizes the core and thus protects against further polymerization. 
The shell also slows the continuous release of bioactive iron, which 
is toxic at excessive concentrations leading to oxidative stress [6,7]. 
Parenteral iron products qualify as non-biological complex drugs 
because their level of complexity exceeds small synthetic drugs by 
far. They are, however, less complex than molecules produced in 
living systems, such as antibodies. Nevertheless, iron core and iron 
shell carbohydrate complexes are intricate, unique and difficult to 
manufacture [8]. They require very specific conditions and a highly 
controlled and sophisticated environment for their production. Thus, 
the smallest variation in the manufacturing process, such as changes 
in pH, temperature, material sources, or reaction time could critically 
influence the physicochemical characteristics and properties of the 
final product, including molecular weight or particle size distribution, 
valence state of iron, surface charge, or crystallinity [8]. The resulting 
structures of the iron core and iron shell, as well as the size and size 
distribution of the particles affect bioavailability, toxicity and clinical 
features of IV iron preparations [9,10].

Efficacy and Clinical Outcomes
Data from head-to-head trials on the efficacy of different iv iron 

formulations is limited. (Table 1) summarizes effects and indirect 
comparisons of IV iron formulations, mainly based on network meta-
analyses [11-14]. Clinical potency of distinct IV iron formulations 
can differ depending on the specific indication for therapeutic use 
and the clinical outcome selected. Thus, iron (III) isomaltoside has 
shown a higher increase of hemoglobin from baseline compared to 
ferric carboxymaltose in anaemic patients intolerant to oral iron, but 
failed to show superiority among those patients with an increase in 

haemoglobin of ≥ 2g/dL [12]. Ferumoxytol and ferric carboxymaltose 
at monthly doses of 1020 mg and 750-1500 mg, respectively, were 
shown to be particularly potent in anaemic patients with Chronic 
Kidney Disease (CKD) [11]. Indirect comparisons with other 
intravenous irons based on studies using oral iron as a control 
indicate that ferric carboxymaltose might show superiority over 
other iv iron formulations regarding haemoglobin increase [15]. In 
IBD patients, only ferric carboxylmaltose, but not iron (III) sucrose 
or iron (III) isomaltoside 1000, has shown statistically significant 
superiority versus oral iron [12]. This data is specific for patients 
with IBD and may not apply to IDA from other causes. Considering 
many uncertainties about distinct efficacy and outcomes of different 
preparations, further head-to-head trials are needed in order to 
provide better evidence regarding the efficacy of different IV iron 
formulations [12].

Safety of Intravenous Iron Formulations
Toxic reactions to free iron, hypersensitivity, and 

hypophosphatemia are the three most relevant side effects of IV 
iron formulations. Anaphylaxis is a dose-independent severe 
hypersensitivity reaction historically associated with iron dextran 
[15,16]. Reactions to free iron are also dose-dependent and present 
with hypotension, nausea, vomiting, abdominal and back pain [17]. 
Smaller molecular weight iron preparations such as ferric gluconate 
and iron (III) sucrose have a shorter half-life, are less stable and 
therefore release higher amounts of “free” iron into the circulation 
after high dose administration [18]. Moreover, non-transferrin 
bound iron (i.e., free iron) may also catalyse production of reactive 
oxygen species that then leads to oxidative stress and cellular damage 
[19]. Thus, the extent of free iron released into the circulation is one 
of the major determinants of the maximally tolerable single dose for 
each iron formulation and its administration rate. In other words, 
the higher the fraction of free iron, the lower the maximal dose 
and/or the longer the administration duration. A particular type 
of reactions following administration of IV iron are the so called 
Fishbane reactions. They are characterized by transient flushing, 
truncal myalgia and arthralgia [20]. Fishbane reactions are usually 
not associated with symptoms of anaphylaxis such as hypotension, 
oedema, respiratory or gastrointestinal disorders. Fishbane reactions 
are believed to be triggered by labile iron, rather than being mediated 
by immunological mechanisms. Fishbane reactions seem to resolve 
following cessation of the IV iron infusion without specific treatment 
and are believed to not reappear upon re-challenge. However, the 
characterization of such reactions remains purely observational 
and no evidence is available regarding their risk factors and clinical 
relevance. Therefore, a prudent approach considering potential 
anaphylaxis must be taken into consideration when symptoms of a 
Fishbane reaction occur. Aspects related to the administration of the 
commonly used IV iron formulations are detailed in (Table 2).

General Safety Features
Modern IV formulations generally present a favorable safety 

profile with a low risk of life-threatening adverse reactions [21]. A 
meta-analysis of 97 clinical studies with iv iron formulations did not 
report an increased risk of serious adverse events compared to controls 
[22]. However, continued administration of IV iron preparations 
can potentially lead to damaging iron overload in the liver, heart 



Juillerat P Austin Publishing Group

Submit your Manuscript | www.austinpublishinggroup.com Ann Hematol Oncol 9(6): id1413 (2022)  - Page - 03

muscle and joints. Therefore, careful monitoring of iron parameters 
is recommended in patients who need repeated iron infusions, for 
example in patients with dialysis-dependent CKD [23]. Another 
concern is the possible induction of endothelial injury in response 
to IV iron preparations and to reactive oxygen species, which may 
accelerate atherogenesis. In vitro and in vivo data have shown high 
oxidative stress associated with iron (III) sucrose and ferric gluconate 
[24]. However, additional studies need to provide further insights 
into the clinical relevance of these mechanisms [21,22], especially in 
newer IV iron formulations.

Furthermore, risk of infection may increase because some 
pathogenic microorganisms thrive on iron. However, to date no 
increased risk of infection following iron therapy has surfaced [22]. 
In the absence of an urgent clinical need, IV iron should however be 
avoided in patients with acute infection.

In pregnancy, iron deficiency (ID) occurs frequently, and pregnant 
women and their foetuses are particularly sensible to ID [25,26]. 
There are no first-trimester safety data, and IV supplementation of 
iron should therefore be restricted to the second and third trimester. 
In this latter context, a prospective randomized controlled trial with 
ferric carboxymaltose versus oral iron demonstrated a favorable 
safety profile [27]. At the same time, iv iron supplementation restored 
systemic maternal and foetal iron, and increased haemoglobin, 

sociability and vitality (according to SF-36) of the mothers in 
advanced gestation [27].

Hypophosphatemia
Different IV iron preparations induce hypophosphatemia, 

defined as serum phosphate levels <0.81 mmol/L [<2.5 mg/dL]. Severe 
hypophosphatemia (<0.32 mmol/L) may cause a broad spectrum 
of symptoms, such as fatigue, muscle weakness, muscle cramps, 
muscle spasms, myalgia, paraesthesia, seizures and arrhythmia [28]. 
Prolonged hypophosphatemia may also lead to abnormal osteoid 
mineralization and osteomalacia [29]. Although most patients with 
mild hypophosphatemia remain clinically asymptomatic [30], there 
is a need for long-term data on the effects of different repeatedly-
administered preparations of IV iron on the bone and other 
outcomes. (Table 2) summarizes the prevalence of hypophosphatemia 
in response to commonly used IV iron formulations and its clinical 
relevance from randomized studies. Ferric carboxymaltose provokes 
hypophosphatemia more often compared to other formulations. 
This was illustrated in a study by Wolf et al. comparing the rate of 
hypophosphatemia when administering two doses of 750mg ferric 
carboxymaltose (at 1 week interval) versus a single administration 
of 1000mg iron isomaltoside. Ferric carboxymaltose-treated patients 
presented a higher percentage of hypophosphatemia (7.9% - 8.1% 
for ferric carboxymaltose vs 73.7% - 75.0% for iron isomaltoside), 

Publication Method Details Outcomes

[13]

Indirect comparison of iron(III)-isomaltoside 
1000 with ferric carboxymaltose for the 
treatment of iron deficiency anaemia based 
on randomized studies in which these iron 
preparations were compared to iron(III) 
sucrose
as a common comparator

1 study with iron(III)-isomaltoside 1000 and 3 
studies with ferric carboxymaltose versus iron(III) 
sucrose were used for the indirect comparison

1. Increase of haemoglobin from baseline: 
significantly higher with Iron(III)-isomaltoside 
(mean difference: +0.249 g/dL, Confidence 
Interval [CI] 0.072-0.426);
2. Fraction of patients who showed a clinically 
meaningful response to treatment (defined in 
most studies of IDA as ≥2.0 g/dL from baseline: 
no significant difference between iron(III)-
isomaltoside 1000 and ferric carboxymaltose

[11]

Pairwise and network meta-analyses of 
randomized studies were used to evaluate 
the efficacy of various intravenous iron 
preparations for treatment of anaemia in 
chronic kidney disease

34 studies were analysed; calculations used non-
response to iron supplementation, defined as (i) 
failure to increase haemoglobin by 0.5–1.0 g/dL, 
or (ii) introduction of an erythropoiesis-stimulating 
agent, or (iii) dose increase or switch to another 
iron preparation, or need for blood transfusion;
Clinical potency was assessed using the surface 
under the
cumulative ranking area

Clinical potency of iron preparations administered 
at particular monthly cumulative doses was as 
follows (starting with most potent preparation 
and respective monthly cumulative dose): 
(1) ferumoxytol 1020 mg/month; (2) ferric 
carboxymaltose 750–1500 mg/month; (3) iron(III) 
sucrose
≥400 mg/month; (4) iron(III) sucrose 100-300 mg/
month; (5) iron(III)-isomaltoside 1000 500
mg/month; (6) ferric gluconate 1000-1500 mg/
month; (7) iron polymaltose 500 mg/month; (8) 
ferric
carboxymaltose 1500 mg/month; (9) iron(III)-
isomaltoside 1000 1000 mg/month; (10) oral iron

[14]

Indirect comparison of the efficacy of ferric 
carboxymaltose versus other intravenous iron 
preparations in iron-deficient patients using a 
network meta-analysis of randomized studies, 
in which intravenous iron preparations were
compared to oral iron (common comparator)

6 studies were included in the network meta-
analysis

1. Serum ferritin (mcg/L) was significantly 
increased with ferric carboxymaltose compared to 
oral iron (delta 172.8; 95 % CI 66.7-234.4);
2. Haemoglobin (g/dL) was significantly improved 
with ferric carboxymaltose compared to ferric 
gluconate (delta 0.6; 95 % CI 0.2-0.9), oral iron 
(delta 0.8; 95 % CI 0.6-0.9) and placebo (delta 
2.1; 95 % CI 1.2-3.0)

[12]

Indirect comparison of efficacy and safety 
of different parenteral iron preparations in 
the treatment of iron deficiency anaemia in 
inflammatory bowel disease using a network 
meta-analysis of randomized studies, in which 
parenteral iron preparations were compared to
oral iron (common comparator)

5 studies were included in the network meta-
analysis; Primary outcome was therapy response, 
defined as Hb normalisation or increase ≥2 g/dL

Therapy response was significantly superior with 
ferric carboxymaltose compared to oral iron only 
(Odds Ratio=1.9, 95% Credible Interval 1.1-3.2);
Iron(III) sucrose and iron(III)-isomaltoside 1000 
also had better response rates than oral iron, but 
failed to reach statistical significance

Table 1: Recent publications comparing efficacy and clinical outcomes of different intravenous iron preparations.
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which increased further after administering the second dose 
[31]. However, this increase has, so far, not been associated with 
clinically relevant consequences. Mostly, hypophosphatemia has 
been transient and resolved within few weeks (~8-12 weeks) [32]. 
Nevertheless, post-marketing reports have identified patients with 
symptomatic hypophosphatemia requiring clinical intervention, 
including hypophosphatemic osteomalacia, following administration 
of ferric carboxymaltose in patients presenting risk factors (risk 
factors for developing severe hypophosphatemia are reported on 
Table 3) for developing low serum phosphate levels [33,34]. These 
incidents occurred in patients without renal impairment who had 
received repeated high doses of ferric carboxymaltose. These case 
reports suggest that serum phosphate values should be monitored 
in patients at risk for hypophosphatemia and in those who need 
repeated administration of IV iron. In addition, to allow restoration 
of phosphate levels clinicians should consider administering a high 
dose of IV ferric-carboxymaltose rather than shorten the interval of 
administration to 2 weeks or less [32]. The mechanism by which i.v. 
irons may cause hypophosphatemia may be related to the homeostasis 
of Fibroblast growth factor 23 (FGF23), a bone-derived hormone that 
lowers serum phosphate by promoting urinary phosphate excretion 
and through inhibition of calcitriol production. Treatment with i.v. 
iron preparations might shift the balance between FGF23 production 
and FGF23 cleavage by reducung FGF23 cleavage, which increases 

the levels of bioactive intact FGF23 leading to decreased serum 
phosphate levels [35].

In summary, in patients at risk for hypophosphataemia, repeated 
IV iron administration, especially with ferric- carboxymaltose, 
needs to be adapted to the disease of outset and its inherent risk for 
hypophosphataemia, other hypophosphataemia-inducing drugs and 
the time necessary to restitute iron stores.

Hypersensitivity Reaction
The most feared and life-threatening adverse reaction to 

IV iron administration is an anaphylactic shock. The proposed 
mechanism for this is an antibody-mediated dextran-induced 
anaphylaxis following repeated IV administration of dextran-
containing products which react with pre-existing dextran-reactive 
antibodies [36]. Such reactions have limited the use of IV iron for 
many years as most humans have naturally-acquired anti-dextran 
antibodies [37,38]. The antibodies that seem to form in response 
to dextran are produced by widely-occurring intestinal bacteria 
and bacterial species that induce tooth decay [15,16,39-41]. More 
specifically, severe antibody-mediated dextran-induced anaphylaxis 
is an immune complex-mediated (type III) reaction that occurs when 
infused dextran molecules bind to endogenous dextran-reactive 
Immunoglobulin (Ig) G antibodies [42,43]. However, there are no 

Administration Safety

Iron preparation Maximal infusion 
dose§

Minimal 
infusion time§ Hypophosphatemia Hypersensitivity

Prevalence in randomized studies*, 
#, a (mainly defined as

serum phosphate <2 mg/dL)

Reporting rate of severe 
hypersensitivity in large 

pharmacovigilance
databases**,c [48]

Anti-dextran 
antibody 
reactions
[15,16]d

Ferric 
carboxymaltose

20 mg/kg, max. 1000 
mg

1000 mg 
during 15 min.

•	 Glaspy et al. 0% [69]
•	 Macdougall et al. 0% [70]
•	 Wolf et al. 75% [71]b

0.18-1.47 No

Low molecular 
weight iron

dextran
20 mg/kg 240-360 min. •	 Glaspy et al. 0% [69]

•	 Hussain et al. 0% [72] 0.22-2.8 Yes

Ferumoxytol

510 mg 
(recommended 

single
dose)

510 during 15 
min.

•	 Adkinson et al. 0.4 %[73]
•	 Wolf et al. 0.9%[31] NA Yes

Ferric gluconate 125 mg 125 mg during 
60 min. No data 0.02-0.14 No

Iron(III)-isomaltoside 
1000 20 mg/kg

1000 mg 
during >15 

min.

•	 Derman et al.1.5 % [74]
•	 Wolf et al. 8.1%[31]b 0.0-7.94 Yes

Iron(III) sucrose 500 mg 500 mg during 
210 min.

•	 Derman et al. 0%[74]
•	 Glaspy et al. 40%[69] 0.03-0.2 No

Table 2: Administration and safety aspects of commonly used intravenous iron compounds.

*Randomized controlled studies, if possible with focus on hypophosphatemia as a predefined endpoint, were chosen to extract the prevalence of hypophosphatemia 
in order to gain insights from sources of the highest possible evidence level. The results of a recent meta-analysis [69] with focus on hypophosphatemia related to 
intravenous iron administration were also taken into consideration.
# None of the studies reported clinically relevant symptoms and complications associated with hypophosphatemia [31,69,73-76].
**Reporting rates in large pharmacovigilance databases were chosen as a source to estimate the frequency of severe hypersensitivity to intravenous iron compounds, 
because this is a rare adverse reaction which cannot be easily captured in randomized controlled studies with patient numbers ranging from a few hundred to maximum 
a few thousand [48].
§ According to the Summary of Product Characteristics of respective iron preparations
a In a recent randomized controlled study, no hospitalizations and no particular treatments due to hypophosphatemia following administration of ferric carboxymaltose 
were documented [77]. Furthermore, analysis of pooled data from patients, who received ferric carboxymaltose in 45 interventional studies showed no correlation 
between measured serum phosphate levels and the occurrence of reported adverse events related to low phosphate [32].
b Severe hypophosphatemia defined as serum phosphate <1 mg/dL occurred in 11.3% of patients [71].
c Reports of severe hypersensitivity reactions included reports on anaphylactic reactions, anaphylactic shock, anaphylactoid reactions and anaphylactoid shock 
between 2010 and 2017 in 27 European countries [48]. Reporting rates were determined by dividing the number of reports of severe hypersensitivity reactions by the 
corresponding sales volume of 100 mg dose equivalents of iron for each type of intravenous iron. Reporting rates of severe hypersensitivity reactions per 100 000 
defined daily doses of 100 mg dose equivalents are presented.
d The study includes low and high molecular weight iron dextran.
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standardized tests to detect this type of reaction [44] and therefore 
this specific issue has not been evaluated broadly yet. Antibody-
mediated dextran-induced anaphylaxis can potentially occur with 
any iron preparation containing dextran derivatives. More recently, 
studies have suggested other pathways that induce hypersensitivity 
in products of nanoparticle size via a non- immunologic pathway 
called Complement Activation-Related Pseudo-Allergy (CARPA) 
[45,46]. In this pathway, nanoparticles activate the complement 
system, leading to the formation of anaphylatoxins which then trigger 
liberation of histamine from mast cells and basophils.

Independent of the innate mechanisms underlying 
hypersensitivity reactions, it is their severity which determines 
their clinical relevance. (Table 2) summarizes the rate of severe 
hypersensitivity reactions upon commonly used IV iron formulations, 
based on large pharmacovigilance databases. Iron (III) sucrose, 
ferric gluconate and ferric carboxymaltose do not display reactions 
to anti-dextran antibodies in vitro [15,16] and seem to exhibit less 
severe hypersensitivity in vivo compared to other iv iron preparations 
[47,48].

Patients at Risk for Hypophosphatemia and 
Hypersensitivity

Clinicians should strive to identify patients at risk of developing 
hypophosphataemia or hypersensitivity. Following iv administration 
of ferric carboxymaltose, clinicians should instruct patients to 
seek medical advice if they experience worsening fatigue together 
with muscle pain or bone pain [49]. In addition, serum phosphate 
levels should be monitored in patients who receive consecutive 
multiple ferric carboxymaltose IV administrations at higher doses, 
and in those with existing risk factors for hypophosphatemia, as 
summarized in (Table 3). Prevention of this adverse effect should 
include sufficient vitamin D levels and supplementation, if required, 
in particular among patients with IBD [50]. As already mentioned 
above, clinicians should consider administering a high dose of ferric 
carboxymaltose rather than shortening intervals of administration to 
2 weeks or less to allow restoration of phosphate levels in between 
applications of ferric carboxymaltose.

Similarly, clinicians should enquire about any factors that 
predispose patients to hypersensitivity, such as known allergies 
(including allergies to drugs), history of severe asthma, eczema or 

other atopic allergies, and autoimmune diseases, such as systemic 
lupus erythematosus and rheumatoid arthritis (Table 3). There is a 
lack of evidence showing that premedication with antiallergics may 
decrease the risk of hypersensitivity in such patients. Therefore, 
this approach is not advisable. Instead, iv iron mandates careful 
and systematic monitoring of vital parameters of the patient, from 
the beginning of the infusion until 30 minutes following the end of 
the infusion (Table 3) [51]. Finally, foetal bradycardia may occur 
following administration of parenteral irons. It is usually transient 
and a consequence of a hypersensitivity reaction in the mother. The 
unborn baby should be carefully monitored during intravenous 
administration of parenteral irons to pregnant women [51].

Attitudes and Real World Use of IV Iron
The most recently developed IV iron formulations have been on 

the market many years in several European countries. However, it is 
not fully clear whether IV iron is used appropriately in concordance 
with established evidence and guidelines in different indications. 
Ferric carboxymaltose and iron sucrose were developed and are 
produced in Switzerland. Here, clinicians have been using newer 
IV formulations for more than a decade. Furthermore, some 
pioneering studies have been carried out, such as the treatment of 
fatigue in ID without anaemia [52-54]. In Switzerland, the most 
frequent indication for either oral or IV iron therapy is ID without 
anaemia (59.4 and 74.7%, respectively) [55]. Severity of ID, presence 
of IBD [56] and advanced CKD [55] drive the choice between IV 
versus oral supplementation of iron [55]. Varcher et al. found that 
among patients treated for ID, 70% received oral iron, 14% IV iron 
preparations, and 16% received both [57]. The authors did not 
identify any distinguishable overutilization of IV iron [57]. According 
to the analysis of Biétry et al., which was performed at a time when 
only iron (III) sucrose, ferric carboxymaltose and ferumoxytol 
were available, ferric carboxymaltose was the most commonly used 
preparation (86.3%). This could be due to its appearance in several 
recommendations and guidelines from this time period based on data 
from controlled clinical trials [56,58].

Physicians’ use of iv iron replacement therapy in Switzerland 
follows to a high degree current European consensuses and 
guidelines on iron treatment in specific therapeutic areas, such as 
IBD [59], Chronic Heart Failure (CHF) [60] and CKD [58]; it also 

Risk factors for hypersensitivity reaction* Risk factors for hypophosphataemia**

•	 Known allergies, including drug allergies
•	 History of severe asthma, eczema or another atopic allergy
•	 Autoimmune diseases such as systemic lupus erythematosus, 

rheumatoid arthritis

·	 Malabsorption of fat-soluble vitamins or phosphate (e.g. IBD
·	 Concurrent or prior use of medications that affect proximal 

renal tubular function
·	 Hyperparathyroidism
·	 Vitamin D deficiency
·	 Malnutrition (i.e. anorexia)

•	 Symptoms of Hypersensitivity Symptoms of Hypophosphataemia
•	 Grade I : Skin symptoms and/or mild fever reaction
•	 Grade II (measurable, but not life threatening):

o	 Cardiovascular reaction (tachycardia, hypotension)
o	 Gastrointestinal disturbance (nausea)
o	 Respiratory

•	 Grade III : Shock, life-threatening spams of smooth muscles (bronchi, 
uterus)

•	 Grade IV: Cardiac and or respiratory arrest (78)

·	 Muscle weakness, cramps, spasm and myalgia
·	 Paraesthesia
·	 Seizures
Arrhythmia (28).
Prolonged hypophosphatemia :
·	 Abnormal osteoid mineralization and osteomalacia

Table 3: Risk factors for developing hypersensitivity reactions or hypophosphatemia and relevant clinical symptoms.

*According to summary of product characteristics of ferric carboxymaltose in Switzerland, November 2020
**According to summary of product characteristics of ferric carboxymaltose in the USA, February 2020
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follows Swiss recommendations on ID Anaemia (IDA) management 
during pregnancy and postpartum [61]. Additionally, general 
practitioners play an important role in diagnosing and treating ID in 
stable patients with CHF, non-dialyzed CKD patients, and pregnant 
women in coordination with their gynaecologist, whereas specialists 
manage patients with unstable disease [60]. This has been reflected 
in a recent consensus analysis among Swiss physician experts on the 
management of ID based on a survey using a Delphi method [62]. In 
line with the studies mentioned above [53,54] and data published by 
Meier et al. [55], Swiss physicians seem to reason about iv iron therapy 
with a high level of appropriateness not only for the management of 
IDA, but also for dealing with symptomatic ID without anaemia. 
According to this consensus analysis, iv iron can be considered if oral 
iron is not tolerated or not efficacious [62]. But, real world data about 
the level of monitoring and treatment of ID and IDA are lacking in 
Switzerland.

The 2021 European Society of Cardiology (ESC) Guidelines 
for the diagnosis and treatment of acute and chronic heart failure 
recommended that all patients with heart failure are periodically 
screened for anaemia and iron deficiency with a full blood count, 
serum ferritin concentration, and TSAT. The guidelines recommended 
that for the management of anaemia and iron deficiency in patients 
with heart failure, intravenous iron supplementation with ferric 
carboxymaltose should be considered in symptomatic patients 
with iron deficiency to improve symptoms and reduce the risk of 
hospitalization [63,64].

A study from 2013 assessing routine management of IBD-
associated ID and IDA in Europe showed a high prevalence of absolute 
ID (76%) and severe IDA (15%), suggesting insufficient monitoring 
and repletion of iron status in IBD with anaemia. The study also 
showed that management of IBD-associated IDA in Europe continues 
to rely on oral iron preparations (except in SE and CH). Although 
oral iron may be used in patients with mild anaemia, national (UK) 
and international (ECCO) guidelines stress the associated risk that 
oral iron may be poorly tolerated and may exacerbate symptoms [65].

Recently, Schiefke et al [66] presented an e-Delphi Survey 
conducted among 26 European experts on the optimal management of 
Gastrointestinal Bleeding (GIB)-IDA. The study suggests that experts 
in the field prescribe iron therapy based on clinical considerations, 
rather than laboratory test values or thresholds to treat. Experts 
recognize the importance and effectiveness of IV iron for the 
management of GIB-IDA, but consensus is lacking regarding its use 
as first-line therapy despite studies showing that it may be faster and 
more cost-effective than oral iron [60,67]. New guidance is therefore 
needed concerning optimal iron supplemental therapy of GIB-IDA, 
including recommendations on the use of IV iron formulations.

A European patient record study on diagnosis and treatment 
of Chemotherapy-Induced Anaemia (CIA) and ID including 
oncologists and/or haematologists from nine European countries 
demonstrated that management of anaemia and iron status in 
patients treated for CIA varies substantially across Europe. Iron 
status is only assessed in half of the patients. In contrast to clinical 
evidence, clinicians underutilise iron treatment and mainly prescribe 
oral iron supplementation. Better implementation of guidelines 
would minimize the use of blood transfusions [68].

All of these data suggest that reasoning about ID, assessment of 
ID and use of IV iron formulations in different conditions needs to be 
systematically developed further.
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