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ABSTRACT
Introduction: The newest intravenous (IV) iron products show an improved safety profile over pre-
decessors, allowing for the rapid administration of relatively high doses. Ferric derisomaltose (FDI; also 
known as iron isomaltoside), ferric carboxymaltose (FCM), and ferumoxytol (FER), are successful treat-
ments for iron deficiency (Europe; FDI and FCM) and iron deficiency anemia (US; FDI, FCM, and FER).
Areas covered: This review focusses on the chemistry and structure of FDI, FCM, and FER, and on three 
key aspects of IV iron safety: (1) hypersensitivity; (2) hypophosphatemia and sequelae; (3) cardiovascular 
safety.
Expert opinion: Although the safety of modern IV iron has improved, immediate infusion reactions and 
the development of hypophosphatemia must be appreciated and recognized by those who prescribe 
and administer IV iron. Immediate infusion reactions can occur with any IV iron and are usually mild; 
severe reactions – particularly anaphylaxis – are extremely rare. The recognition and appropriate 
management of infusion reactions is an important consideration to the successful administration of 
IV iron. Severe, persistent, hypophosphatemia is a specific side effect of FCM. No cardiovascular safety 
signal has been identified for IV iron. Ongoing trials in heart failure will provide additional long-term 
efficacy and safety data.
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1. Introduction

Since the early 20th century, intravenous (IV) iron has been 
used as a successful treatment for iron deficiency (Europe) and 
iron deficiency anemia (IDA) (US), in diverse patient popula-
tions and across a wide range of therapeutic indications, 
including conditions related to nephrology, gastroenterology, 
women’s health, and oncology. The use of IV iron has 
expanded in recent years, most notably in cardiology, and as 
part of perioperative blood management, which aims to 
identify and manage anemia before, during, and after surgery.

Administration of early parenteral iron formulations in the 
1950s was associated with serious toxic reactions caused by 
‘labile’ or ‘rapid’ iron release [1,2]. Later formulations of IV iron 
incorporated a carbohydrate coating to surround the core, 
allowing for a slower release of iron [1]. These early iron– 
carbohydrate complexes addressed the issue of rapid iron 
release, but due to reports of anaphylactic reactions, although 
rare, their use was restricted to circumstances when no other 
options were available [1,2]. Subsequently, various formula-
tions of IV iron have been developed to improve the safety 
profile of these products, including the three newest IV iron 
formulations – ferric derisomaltose (FDI; also known as iron 

isomaltoside), ferric carboxymaltose (FCM), and ferumoxytol 
(FER). A tighter binding of elemental iron in the iron–carbohy-
drate complex reduces the risk of toxicity resulting from labile 
iron, and the use of carbohydrate moieties with reduced 
immunogenic activity lowers the risk of serious hypersensitiv-
ity reactions [3,4]. The strong binding provides a slow release 
of iron allowing for FDI, FCM, and FER to be administered at 
relatively high doses in short infusion times [5–9]. Table 1 
outlines various characteristics of these newer IV iron formula-
tions. Despite the widespread use of IV iron and the improved 
safety profile of the newer products, some healthcare 
providers remain wary of using IV iron due to negative per-
ceptions around safety. A literature review on the safety of IV 
iron evaluated information from 76 articles selected from 
various sources [11]. The review identified three main safety 
concerns with the use of IV iron – hypersensitivity reactions, 
hypophosphatemia, as well as oxidative stress and cardiovas-
cular (CV) events [11].

The present review article uses published literature to discuss 
the chemistry and structure of the newer IV irons – FDI, FCM, and 
FER – and reviews the available evidence for the safety of these 
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three IV iron products, with a focus on hypersensitivity, hypopho-
sphatemia, and CV safety. The implications for the field of IV iron, 
now and in the future, are captured by expert opinion.

2. Chemistry and structure

All IV iron products including FDI, FCM, and FER are iron– 
carbohydrate nanoparticles [12], which belong to the class of 
‘non-biological complex drugs’ (NBCDs) [13]. The characteris-
tics of iron nanoparticles (and other NBCDs) are defined by 
their composition, and by the specific proprietary manufactur-
ing process for each product, resulting in differences in their 
efficacy and safety profiles [13,14]. Classically, IV iron com-
plexes consist of an iron-oxyhydroxide core, surrounded by 
a carbohydrate coating, which increases the stability of the 
complex and keeps the particles in colloidal suspension with 

minimal release of labile iron [12]. FDI, FCM, and FER differ in 
terms of their chemical and physical properties, including the 
nature of the carbohydrate moiety, the structure of the iron 
oxyhydroxide, the size of the molecule, and the surface 
charge [4].

2.1. Carbohydrate chemistry

The nature of the carbohydrate moiety of IV iron products is 
one aspect of their chemistry that is often oversimplified, 
obscuring fundamental differences that are relevant to the 
properties of IV iron products.

Figure 1 shows the different chemical structures of the 
carbohydrate moieties used in FDI, FCM, FER, and iron dextran 
(included mainly for comparison of the carbohydrate 
structures, since iron dextran is outside the remit of this 
review). The three carbohydrates – derisomaltose, carboxymal-
tose, and polyglucose sorbitol carboxymethylether – as well as 
dextran, consist of glucose or modified glucose units linked 
through glycosidic bonds.

FDI contains derisomaltose, which consists of linear, 
unbranched hydrogenated isomalto-oligosaccharides with 
an average molecular weight of 1 kDa (corresponding to 
5–6 glucose units) and a narrow molecular weight distribu-
tion that is almost devoid of mono- and disaccharides 
(Figure 1) [4,6].

FCM contains carboxymaltose, which has been derived 
from a commercially available maltodextrin through the 
oxidation of the reducing end groups to a carboxylic acid 
[8,15,16]. Carboxymaltose is made up of 5–20 glucose units 
and has a predominantly linear α-(1,4) backbone, with 
branches that are mainly α-(1,6)-linked (Figure 1) [15–17].

FER contains polyglucose sorbitol carboxymethylether, 
which is produced from a dextran with an approximate mole-
cular weight of 10 kDa [18,19]. Polyglucose sorbitol carboxy-
methylether is a predominantly linear α-(1,6)-linked glucose 
polysaccharide, in which the reducing end groups have been 
hydrogenated, and which has been partially carboxymethy-
lated at positions C-2, C-3, or C-4 [20]. Polyglucose sorbitol 
carboxymethylether has a low degree of branching (1–2%), 
mainly of the α-(1,3) type (Figure 1) [20].

For comparison, Figure 1 also presents the chemical struc-
ture of the dextran carbohydrate moiety used in low molecu-
lar weight iron dextran (LMWID; INFeD® in the US, CosmoFer® 

Table 1. Characteristics of FDI, FCM, and FER [5–10].

Ferric derisomaltose (FDI)a Ferric carboxymaltose (FCM) Ferumoxytol (FER)

Brand name US: Monoferric® 
EU: Monofer®

US: Injectafer® 
EU: Ferinject®

Feraheme®
Date of approval US: 2020 

EU: 2009
US: 2013 
EU: 2007

US: 2009 
EU: 2012 (withdrawn 2015)

Manufacturer Pharmacosmos US: American Regent 
EU: Vifor Pharma

AMAG Pharmaceuticals

Iron content 100 mg/mL 50 mg/mL 30 mg/mL
Warnings as per label
Hypersensitivity reactions Precaution for use Precaution for use Black box warning
Symptomatic hypophosphatemia No specific warning Yes. Requirement to monitor serum phosphateb No specific warning
Cardiovascular safety No specific warning No specific warning No specific warning

aAlso known as iron isomaltoside, bUS label: in patients at risk for low serum phosphate who require a repeat course of treatment; EU label: in patients who receive 
multiple administrations at higher doses or long-term treatment, and in those with existing risk factors for hypophosphatemia 

Article highlights

● IV iron products have evolved from poorly tolerated formulations 
with limited efficacy to modern well-tolerated and highly effective 
drugs for the treatment of iron deficiency (e.g. in heart failure) and 
iron deficiency anemia (of mixed etiology).

● FDI, FCM, and FER are the three newest IV iron formulations to enter 
the market, which can be administered in high doses in short infusion 
times.

● The most recent evidence from randomized controlled trials shows 
a low incidence of hypersensitivity reactions – a long-standing con-
cern with the use of IV iron – for FDI, FCM, and FER. Immediate 
infusion reactions are usually mild, and management of these events 
is straightforward with the appropriate training; severe reactions are 
extremely rare.

● Hypophosphatemia is an increasingly reported side effect of FCM; 
recognition of this side effect and its clinical complications requires 
vigilance.

● FCM also triggers a cascade of biochemical changes that are asso-
ciated with adverse effects on bone metabolism, which may explain 
the long-term bone complications that have been reported. This is 
particularly relevant for patients with preserved kidney function, pre- 
existing bone disease, or malnutrition.

● Evidence to support the use of IV iron to treat iron deficiency in heart 
failure, and to reduce hospitalizations in this population is promising. 
Existing evidence does not reveal an adverse cardiovascular safety 
signal; ongoing clinical trials will provide additional long-term safety 
data.

This box summarizes key points contained in the article.
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outside the US). LMWID consists of a dextran with a molecular 
weight of between 5 and 7.5 kDa [21], which is structurally 
similar to the dextran starting material used to produce poly-
glucose sorbitol carboxymethylether in FER, although some-
what smaller. Generally, the degree of branching in dextran is 
related to the molecular weight – a lower molecular weight is 
associated with a lesser degree of branching [22]. Therefore, 
given its lower molecular weight, the dextran of LMWID is less 
branched than the dextran used to produce polyglucose sor-
bitol carboxymethylether.

2.2. Iron–carbohydrate structure

FDI is structurally dissimilar to the classical iron core–carbohydrate 
shell composition of FCM and FER [4]. The short, linear, nonionic 
structure of derisomaltose enables the synthesis of a matrix struc-
ture that is composed of interchanging layers of linear derisomal-
tose with iron atoms placed in cavities between, and within, the 
oligosaccharide molecules [4,6].

FER differs from FDI and FCM in terms of the iron- 
oxyhydroxide structure – for FER, it is similar to that of magnetite, 
whereas for FDI and FCM the structure is more consistent with 
that of akaganeite [4,23,24]. Different iron cores have different 
thermodynamic stabilities, such that iron complexes containing 
a core with a higher stability show slower degradation of the 
complex and a lower level of labile iron [23]. Dissolution analyses 
have shown that magnetite has a higher dissolution rate than 
akaganeite [23,25].

2.3. Iron release and pharmacokinetics

Labile iron provides a source of iron for the generation of 
highly toxic hydroxyl free radicals that can cause oxidative 
stress to the body’s vital cellular components [26]. The result-
ing oxidative damage has been speculated to result in detri-
mental effects, such as cell death, tissue necrosis, and 
degenerative diseases, or to changes in cell phenotype and 

Figure 1. Chemical structures of the carbohydrate moieties in FDI, FCM, and FER, relative to dextran.
FCM = ferric carboxymaltose; FDI = ferric derisomaltose; FER = ferumoxytol; LMWID = low molecular weight iron dextran 
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cancer formation [26]. However, solid clinical evidence for any 
of these effects is lacking.

In vitro physicochemical analyses have shown that, 
generally, FDI, FCM, and FER are associated with lower levels of 
labile iron than the previous generations of IV iron products 
[4,23]. This reflects the nature of the iron oxyhydroxide, as well 
as the tighter binding and higher stability of the iron–carbohy-
drate complex of these newer products. From a safety perspec-
tive, a lower level of labile iron, as observed for FDI, FCM, and FER 
versus previous generations of IV iron, translates into a lower 
potential for associated toxicity [23], such as that described 
earlier.

In 2020, Garbowski and colleagues reported that the 
level of non-transferrin-bound iron (NTBI) – a measure of 
labile iron– was 7 -fold lower with FDI than with FCM, and 
9-fold lower than with iron sucrose (Figure 2) [27]. The low 
level of NTBI for FDI versus FCM and iron sucrose, combined 
with a longer half-life (20.3 hours for FDI versus 6.82 hours 
for FCM and 3.43 hours for iron sucrose) [27], indicates that 
FDI is the most stable molecule, in vivo, of the three newer 
IV iron products.

The study also reported a higher ferritin level with FCM 
than with FDI, which was not associated with a greater hemo-
globin response [27], a finding that has been observed in 
comparative randomized controlled trials (RCTs) of FDI, FCM 
and FER (based on hemoglobin per gram of iron administered 
to account for dosing differences) [28,29]. These observations 
suggest that a greater ferritin response, shortly after high-dose 
IV iron administration, is not reflective of more bioavailable 
iron.

Separate to the Garbowski et al. study, in vivo pharmacoki-
netic profiling has confirmed that FDI, FCM, and FER differ in 
terms of their half-life, which is longest for FDI at 27 hours [6], 

followed by FER at 15 hours [9], and shortest for FCM at 
7–12 hours [8].

3. Safety

3.1. Hypersensitivity

Data from head-to-head RCTs, specifically designed to evalu-
ate the incidence of hypersensitivity reactions with different IV 
iron products, have been published in the past 3 years [29–32]. 
As highlighted by the authors of a recently published meta- 
analysis, much of the previously published data comparing the 
rate of hypersensitivity reactions between IV iron products 
come from studies based on spontaneous reporting of 
adverse drug reactions (ADRs) (recorded in pharmacovigilance 
databases) in combination with sales data (to estimate expo-
sure) [33]. Whilst ADR reports can provide useful information 
to identify potential reactions outside of RCTs, they can be 
associated with reporting bias and scientific limitations. 
Definitive conclusions about ADRs cannot be made based on 
spontaneous reporting, and these reports should not be used 
to compare the safety of IV iron products [34,35].

RCTs are the ‘gold-standard’ of clinical trial design, providing 
the highest-quality evidence for clinical outcomes that can be 
obtained from clinical research [36]. Since 2018, data from five 
RCTs evaluating the incidence of hypersensitivity reactions (as 
primary or secondary endpoints) occurring with FDI, FCM, and 
FER, have been published (some of these trials included iron 
sucrose) [28–32]. The FIRM trial evaluated the composite incidence 
of moderate-to-severe hypersensitivity reactions (including ana-
phylaxis) and moderate-to-severe hypotension as the primary 
endpoint, reporting rates of 0.7% for FCM and 0.6% for FER [29]. 
The FERWON-IDA trial reported an incidence of serious or severe 
hypersensitivity reactions (co-primary endpoint alongside change 
in hemoglobin) of 0.3% for FDI and 0.4% for iron sucrose [30]. The 
similarly-designed FERWON-NEPHRO trial reported corresponding 
rates of 0.3% for FDI, with no events reported for iron sucrose [31]. 
In a pre-specified combined analysis of the two FERWON trials, the 
incidence of serious or severe hypersensitivity reactions was 0.3% 
for FDI and 0.2% for iron sucrose [32]. In the FIRM and FERWON 
trials, reported hypersensitivity reactions were confirmed and 
adjudicated by a blinded independent committee [29–31]. A pre- 
specified pooled analysis of data from the PHOSPHARE-IDA trials 
(PHOSPHARE-IDA04 and PHOSPHARE–IDA05) has shown an inci-
dence of serious or severe hypersensitivity reactions (evaluated as 
a secondary endpoint) of 0.8% for FDI and 1.7% for FCM [28]. Data 
from these trials indicate a low incidence of serious or severe 
hypersensitivity reactions with the newest formulations of IV iron 
[28–32].

Meta-analysis methodology provides the highest-quality 
evidence to evaluate the incidence of outcomes with a low 
event rate, such as serious or life-threatening hypersensitivity 
reactions with IV iron products. A recent meta-analysis 
evaluated the incidence of serious or severe hypersensitivity 
reactions with FDI and FCM (and iron sucrose) in 8,599 
patients from clinical trials [33]. Alongside the results from 
RCTs, this meta-analysis confirms the low incidence of these 
events with FDI and FCM, as well as with iron sucrose [33].

Figure 2. Bead-NTBI levels following a single dose of FDI, FCM, or iron sucrose 
[27].
The timeframe was limited to 48 hours as NTBI was not observed after this time point. 
FCM = ferric carboxymaltose; FDI = ferric derisomaltose; IS = iron sucrose; NTBI = non- 
transferrin-bound iron. The figure has been adapted from Figure 4 in Garbowski et al. 
Haematologica 2020. doi: 10.3324/haematol.2020.250803 [27]. 
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All IV iron products have the potential to cause mild infu-
sion reactions [37–39]. Such reactions following IV iron treat-
ment are not infrequent [40], and include Fishbane reactions 
(characterized by flushing in the face, acute chest and/or back 
pain, and chest tightness, sometimes with dyspnea) [5,37,39], 
which might be caused by mild manifestations of labile iron 
toxicity [37], and/or non-allergic complement activation- 
related pseudo-allergy [41,42]. Most often, the symptoms of 
mild infusion reactions resolve without treatment after the 
infusion is stopped and do not re-appear when the infusion 
is restarted, often at a slower rate [37–39]. Expert opinion 
suggests that the IV iron infusion can be restarted and com-
pleted approximately 15 minutes after the symptoms have 
abated [37,39]. To minimize the risk of recurrent reactions, 
patients with urticaria can be pre-medicated with antihista-
mines (H2 receptor antagonists) prior to re-challenge; corticos-
teroids can also be considered as pre-medication [38,43]. 
Healthcare providers may be reluctant to use IV iron due to 
uncertainty surrounding the management of minor acute infu-
sion reactions (e.g. Fishbane reactions) and mild 
manifestations of complement activation-related pseudo- 
allergy reactions [41], which can mimic the early symptoms 
of a more severe reaction. Various management algorithms 
have been developed to help healthcare providers manage 
acute infusion reactions should they occur [37–39].

In summary, the most recent evidence, generated 
through the conduct of ‘gold–standard’ RCTs that were 
specifically designed to evaluate hypersensitivity, shows 
a low incidence of hypersensitivity reactions for FDI, FCM, 
and FER that is similar between products.

3.2. Hypophosphatemia

Hypophosphatemia is an increasingly recognized side 
effect of certain IV iron products [7,8,44–47]. FCM, in parti-
cular, is consistently associated with significantly higher 
rates of hypophosphatemia than either FDI or FER 
[44,46,47].

3.2.1. Incidence of hypophosphatemia in the setting of IV 
iron treatment
The most compelling evidence for the differences in hypophospha-
temia rates between IV iron products comes from four head-to- 
head RCTs evaluating the incidence of moderate-to-severe hypo-
phosphatemia [28,48,49]. The first trial, published in 2013, reported 
that FCM was associated with a high incidence of hypophosphate-
mia (defined as a serum phosphate level of <2.0 mg/dL [0.65 mmol/ 
L]) compared with iron dextran (58.8% and 0.0%, respectively) [48]. 
In the FCM group, hypophosphatemia persisted in 35.3% of 
patients at Day 35, with levels normalizing by Day 80 [48].

Pre-specified secondary analyses of the FIRM trial were 
published in 2018, which reported high rates of hypopho-
sphatemia following treatment with FCM (50.8% versus 0.9% 
for FER; p < 0.001) [49]. Hypophosphatemia was defined as 
a serum phosphate level <2.0 mg/dL (0.65 mmol/L), which was 
termed ‘severe’ [49]. ‘Extreme’ hypophosphatemia (serum 
phosphate level: <1.3 mg/dL [0.4 mmol/L]) was observed in 

10.0% of FCM-treated patients and in 0.0% of the FER treat-
ment group [49]. Severe hypophosphatemia persisted at Day 
35 in 29.1% of FCM-treated patients, including 4.7% with 
extreme hypophosphatemia, versus 0.0% of FER-treated 
patients (p < 0.001) [49].

The most recent evidence comes from the two 
PHOSPHARE-IDA trials, published in 2020 [28]. These two 
identically-designed trials were powered to directly compare 
the incidence of hypophosphatemia (defined as a serum 
phosphate level of <2.0 mg/dL [0.65 mmol/L]) between two 
IV iron products – FDI and FCM [28]. The findings of the pre- 
specified pooled analysis of the PHOSPHARE-IDA trials are 
presented in Figure 3. The incidence of hypophosphatemia 
at any post-baseline assessment was significantly higher with 
FCM versus FDI (74.4% versus 8.0%, respectively; p < 0.001) 
[28]. Severe hypophosphatemia (serum phosphate level: 
≤1.0 mg/dL [0.32 mmol/L]) occurred in 11.3% of FCM- 
treated patients and in 0.0% of FDI-treated patients 
(p < 0.001) [28]. A sub-analysis of the PHOSPHARE-IDA data 
has shown that, in the FCM-treated patients who developed 
incident hypophosphatemia, the condition was persistent in 
57.3% of patients (the remaining patients recovered); persis-
tent hypophosphatemia was not observed in FDI-treated 
patients [50].

The different rates of hypophosphatemia for FCM versus FDI 
reported in the PHOSPHARE-IDA trials are in accordance with the 
findings of the double-blind HOMe aFers 1 trial (75.0% for FCM 
versus 7.7% for FDI; p = 0.001) and the prospective observational 
Detlie et al. study (56.9% for FCM versus 5.7% for FDI; p < 0.01) 
[52,53].

In summary, the existing RCT evidence demonstrates 
a much higher incidence of hypophosphatemia with FCM 
versus FDI and FER [28,49,52] and is consistent with the 
findings of numerous published literature reviews and 
meta-analyses [44,46,47].

3.2.2. Mechanism of hypophosphatemia
Comprehensive research into the underlying mechanism of 
hypophosphatemia has shown that FCM causes an increase 
in intact fibroblast growth factor 23 (iFGF23) [28,48,49,54–56].

The three trials published by Wolf et al. (discussed in 
the previous section) reported that an increase in iFGF23 
levels induced by FCM is also associated with reductions in 
the levels of 1,25-dihydroxyvitamin D (the hormonally 
active metabolite of vitamin D) and calcium, followed by 
an increase in parathyroid hormone [28,48,49]. This sec-
ondary hyperparathyroidism maintains the increase in 
phosphate excretion even when iFGF23 levels have nor-
malized, causing hypophosphatemia to persist [28,48,49]. 
The biochemical cascade of events triggered by FCM has 
been termed the ‘6H-syndrome’: 1) high FGF23; 2) hyper-
phosphaturia; 3) hypophosphatemia; 4) hypovitaminosis 
D; 5) hypocalcemia;6) secondary hypoparathyroidism [45]. 
While FDI and FER can cause hypophosphatemia, although 
with a lower frequency and severity than has been 
observed for FCM (as described in Section 3.2.1.), the 
6H-syndrome is not induced by these compounds 
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[28,48,49]. Figure 4 summarizes the biochemical changes 
underlying the 6H-syndrome.

3.2.3. Clinical consequences of hypophosphatemia in the 
setting of IV iron treatment
In the short term, hypophosphatemia following IV iron treat-
ment may be severe and accompanied by acute symptoms, 

such as pain, muscle weakness and fatigue [44]. In the head- 
to-head trials described earlier, severe hypophosphatemia was 
observed following treatment with FCM, but not with FDI [28] 
or FER [49]. Although these trials did not report on related 
symptoms, numerous isolated patient reports describing acute 
symptomatic hypophosphatemia following treatment with 
FCM have been published [68–73].

Figure 4. Biochemical basis for hypophosphatemia and associated clinical consequences [28,48,49,57–67].
1,25-[OH]2D = 1,25-dihydroxyvitamin D; 25-(OH)D = 25-hydroxyvitamin D; iFGF23 = intact fibroblast growth factor 23; PTH = parathyroid hormone. Magnetic resonance imaging courtesy of 
Heinz Zoller. The figure has been adapted from Iqbal et al. Poster presented at the British Society of Gastroenterology (BSG) Annual Meeting, Glasgow, 2019 [51]. 

Figure 3. Incidence of hypophosphatemia reported during the PHOSPHARE-IDA trials [28,51].
***p < 0.001 between-group comparison; Cochran-Mantel-Haenszel. The left-most columns correspond to the primary outcome of incident hypophosphatemia at any time during the trial. 
The remaining columns correspond to the proportions of patients with serum phosphate level <2.0 mg/dL at each individual time point in the safety analysis set. The patterned bars 
correspond to the proportion of patients with serum phosphate level ≤1.0 mg/dL. FCM = ferric carboxymaltose; FDI = ferric derisomaltose. Adapted with permission from JAMA (Wolf et al. 
2020;323(5):432–443). Copyright 2020 American Medical Association. All rights reserved [28]. Adapted from Iqbal et al. Poster presented at the British Society of Gastroenterology (BSG) 
Annual Meeting, Glasgow, 2019 [51]. 
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In a review paper published in 2017, Zoller et al. discussed 
the long-term complications of hypophosphatemia following 
IV iron treatment, such as bone fractures and osteomalacia 
[44]. Several cases of bone complications were associated with 
previous FCM treatment [44]. Published patient cases have 
reported the development of hypophosphatemic osteomala-
cia and fractures after repeated dosing of FCM [74–76]. No 
cases of bone complications occurring with FDI or FER have 
been identified in the literature.

The 6H-syndrome can result in a prolongation of adverse 
metabolic bone disease effects following an infusion of 
FCM, which provides a potential mechanistic explanation 
for the association of FCM with the development of bone 
complications over the long term [45]. As a downstream 
consequence of the changes in bone and mineral metabo-
lism, significant increases in alkaline phosphatase (ALP) and 
bone-specific ALP have been observed after a single treat-
ment course of FCM [28]. Furthermore, in patients who have 
developed moderate-to-severe hypophosphatemia following 
treatment with FCM, ALP has been shown to be significantly 
elevated for up to 60 days, indicative of persistent hormonal 
perturbations [77]. This raises a particular concern for the 
significant number of patients who require multiple treat-
ment courses of IV iron, and for those with relatively normal 
renal function, such as patients with inflammatory bowel 
disease (IBD). Such individuals are expected to be at 
a greater risk of developing persistent hypophosphatemia 
with repeated FCM dosing, which has the potential to pro-
gress into a protracted manifestation of the 6H-syndrome. 
In chronic kidney disease (CKD), where the need for 
repeated dosing is relevant, the situation is more complex 
given the role of FGF23 in the development of kidney 
disease [78]. Although hypophosphatemia following IV iron 
treatment, generally, occurs less frequently in patients with 
non-dialysis-dependent CKD (NDD-CKD) [46,49], iFGF23 has 
been reported to increase in parallel with a reduction in 
1,25-dihydroxyvitamin D following FCM treatment in this 
population [54], suggesting that certain elements of the 
6H-syndrome may develop in these patients. Similarly, 
patients undergoing kidney transplant may represent an 
additional population of concern [79,80]. However, to date, 
no studies have investigated the development and clinical 
consequences of the 6H-syndrome in patients with reduced 
kidney function.

Evidence to support the real-world clinical relevance of 
hypophosphatemia following FCM treatment comes from 
a recently published retrospective study of an inpatient cohort 
[77]. The authors report that the presence of moderate- 
to-severe hypophosphatemia following FCM was associated 
with administration of IV phosphate supplementation, and 
also with significantly longer hospital stays than in patients 
with no or mild hypophosphatemia [77]. These findings 
suggest that there are clinically significant consequences of 
hypophosphatemia following IV iron treatment that go unrec-
ognized, highlighting the need for further research and 
a continued effort to raise awareness of the condition.

Driven by the growing body of clinical data showing an 
association of FCM with the risk of hypophosphatemia and 
associated clinical consequences, the product label for FCM has 

been updated in Europe, the US, and Brazil. The updated label 
highlights the risk of symptomatic hypophosphatemia, and 
includes an instruction to monitor phosphate levels [7,8,81,82].

3.3. Cardiovascular safety

Iron is an essential micronutrient, which plays a central role in 
many of the body’s cellular processes [83]. Iron is incorporated 
into the heme group of hemoglobin, which is fundamental for 
oxygen transport; myoglobin, which is important for oxygen 
storage; and cytochromes, which are important in cellular 
metabolism [83–85]. In addition, iron is associated with non- 
heme moieties, such as enzymes involved in lipid metabolism, 
gene regulation, and DNA synthesis [84,85]. Consequently, 
iron deficiency is detrimental to various cellular processes 
including those of the CV system, which may benefit from 
iron supplementation.

In contrast, it is possible that IV iron could have 
a negative effect on the CV system through the production 
of labile iron. It has been hypothesized that an increase in 
labile iron induces CV damage and contributes to the pro-
gression of CV disease through the production of reactive 
oxygen species (ROS) [26,86]. As described in Section 2, the 
levels of labile iron vary between IV iron products [4,23]. 
However, tighter binding of the iron–carbohydrate complex 
in the newer products – FDI, FCM, and FER – reduces the 
release of labile iron compared with previous generations of 
IV iron [4,23,27]. These lower levels of labile iron could, in 
theory, reduce the subsequent generation of toxic ROS and, 
potentially, alleviate the risk of CV disease and/or damage.

Data from existing clinical trials can be explored for 
relevant insights, which may be used to infer the potential 
effects of IV iron on the CV system – positive or negative – 
and to inform future research. Various clinical trials have 
addressed the CV safety of IV iron through pre-defined end-
points. Two trials of FDI – FERWON-NEPHRO and FERWON- 
IDA – included composite CV adverse events (adjudicated 
and confirmed by a blinded adjudication committee) as 
a secondary safety endpoint [30,31]. Six trials of FCM – FAIR- 
HF, CONFIRM-HF, EFFECT-HF, AFFIRM-AHF, REPAIR-IDA, and 
Onken et al. (2014) – included various CV safety endpoints, 
such as death and hospitalizations due to a CV event or 
worsening of heart failure (HF), non-fatal myocardial infarc-
tion or stroke [87–92]. With the exception of AFFIRM-AHF 
[90], none of these trials were designed or powered to 
evaluate CV morbidity and mortality endpoints. The afore-
mentioned FERWON trials were conducted in patients with 
IDA [30,31]. In the dedicated HF trials, the presence of iron 
deficiency was a prerequisite for inclusion; however, upon 
further screening, some of the patients were also found to 
be anemic [87–90].

The AFFIRM-AHF trial was designed to assess hospitaliza-
tions for HF and CV death as a composite primary endpoint 
[90]. The trial randomized 1,132 patients hospitalized with 
acute HF to FCM or placebo treatment before discharge with 
a follow-up period of up to 52 weeks [90]. The primary end-
point of HF hospitalizations and CV mortality was numerically 
reduced in the FCM group compared to the placebo group; 
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however, the difference between the groups did not reach 
statistical significance – rate ratio (RR): 0.79 (95% confidence 
interval [CI]: 0.62, 1.01; p = 0.059) [90]. One component of the 
composite primary endpoint, total HF hospitalizations, showed 
a statistically significant benefit for FCM (RR: 0.74 [95% CI: 0.58, 
0.94]; p = 0.013), whereas there was no signal for a benefit of 
FCM on CV death (hazard ratio: 0.96 [95% CI: 0.70, 1.32]; 
p = 0.81) [90]. As the COVID-19 pandemic became a potential 
issue for trial conduct during the time of follow-up in AFFIRM- 
AHF, a pre-COVID-19 sensitivity analysis was performed [90]. It 
showed a statistically significant difference favoring FCM over 
placebo for the primary endpoint (RR: 0.75 [95% CI: 0.59, 0.96]; 
p = 0.024) [90]. The authors concluded that, although it was 
not possible to determine the influence of COVID-19 on the 
treatment effect, the pandemic may have had a negative 
effect on patient follow-up and protocol compliance, as well 
as there being fewer hospitalizations [90]. Such factors may 
mean that it was harder to observe a treatment effect [90].

In addition to AFFIRM-AHF, the PIVOTAL trial has also 
assessed death as part of a composite primary endpoint, 
alongside major CV adverse events [93]. The PIVOTAL trial 
randomized a total of 2,141 maintenance hemodialysis 
patients and demonstrated a benefit for a higher dose 
versus lower dose IV iron regime (using iron sucrose) on 
all-cause survival and CV outcomes [93]. Patients receiving 
high-dose IV iron therapy were less likely to have a fatal or 
non-fatal myocardial infarction or to be hospitalized for HF 
than those who received the low-dose regime [93]. 
Although some patients receiving the low-dose regime 
required supplemental iron to maintain a serum ferritin 
of >200 µg/L [93], these patients were highly unlikely to 
have fulfilled the criteria for ‘iron deficiency’. It is acknowl-
edged that the high-dose regime used in PIVOTAL (target-
ing ferritin of 700 µg/L [93]) was not compared against 
contemporary UK practice, which was to maintain serum 
ferritin at approximately 450–500 µg/L in most dialysis 
units. The findings of the PIVOTAL trial support favorable 
CV effects with a proactive high-dose approach compared 
with a conservative reactive low-dose approach in this 
population of patients with end-stage kidney disease [93]. 
The REVOKE trial was a relatively small single-center study 
comparing IV iron with oral iron on the primary outcome, 
progression of CKD (99 patients completed the trial) [94]. 
Safety analysis highlighted an increased risk of CV events 
with IV iron versus oral iron (p = 0.033); however, the 
events occurred in fewer patients in the IV iron group 
than in the oral iron group (17 versus 19, respectively) 
[94]. The methodology of this trial has received criticism 
[95,96].

No CV safety signal for IV iron has manifested across all 
trials in which IV iron was evaluated against a non-IV iron 
comparator, mainly in HF patients – AFFIRM-AHF, FAIR-HF 
and CONFIRM-HF (FCM versus placebo), EFFECT-HF (FCM ver-
sus standard of care), Onken et al. (2014) (FCM versus oral 
iron), and FERRIC-HF II (FDI versus placebo) [87–90,92,97]. In 
AFFIRM-AHF, FCM and placebo showed a comparable rate of 
cardiac disorders reported as an adverse event (40% and 44%, 
respectively) [90]. FAIR-HF reported comparable CV mortality 

and hospitalization data for FCM and placebo, and CONFIRM- 
HF reported a significant benefit for FCM over placebo on 
hospitalizations due to HF worsening, or death (p = 0.03) 
[87,88]. In EFFECT-HF, an equal number of patients in the 
FCM and standard of care groups were hospitalized for wor-
sening of HF (13 patients in each group), whereas a higher 
number of hospitalizations for CV reasons other than worsen-
ing of HF was reported for FCM than for standard of care (13 
and 3 hospitalizations, respectively) [89]. In the FERWON- 
NEPHRO trial, enrolling patients with IDA and NDD-CKD, sig-
nificantly fewer FDI-treated patients reported CV adverse 
events versus those treated with iron sucrose (4.1% versus 
6.9%, respectively; p = 0.025) [31]. In contrast, no significant 
difference between the groups was observed in the FERWON- 
IDA trial, enrolling patients with IDA [30]. These observations 
suggest that the difference in CV adverse events between FDI 
and iron sucrose is more pronounced in a population with 
a higher risk of CV complications, such as patients with 
CKD [32].

Complementing the positive CV safety profile for IV iron 
that has been observed in clinical trials, these investiga-
tions also signaled a beneficial effect of IV iron on other 
pre-specified endpoints, some of which are CV-related. For 
example, in AFFIRM-AHF, FCM was associated with signifi-
cantly fewer days lost due to HF hospitalizations and CV 
death than placebo (RR: 0.67 [95% CI: 0.47, 0.97]; 
p = 0.035) [90]. FAIR-HF and CONFIRM-HF have shown 
improvements for FCM over placebo on measures of func-
tional outcome (6-minute walk test), disease status 
(New York Heart Association [NYHA] class), and quality of 
life (Kansas City Cardiomyopathy Questionnaire [KCCQ]) 
[87,88]. FERRIC-HF II has shown improvements for FDI in 
disease status and symptoms (NYHA class, Borg dyspnea 
score) [97]. In contrast, EFFECT-HF reported minimal 
change for FCM on the primary endpoint of exercise capa-
city, assessed through the peak oxygen consumption (VO2), 
although it was noted that VO2 decreased in the standard 
of care arm; the difference between the two groups was 
significant (p = 0.020) [89]. A significant improvement was 
observed for FCM versus the control group in NYHA class 
(p < 0.05) [89]. Improvements in functional endpoints are 
suggested to be, at least partly, related to the enhance-
ment in exercise capacity by stimulating skeletal muscle 
energetics, which has been demonstrated with FDI in HF 
patients with reduced ejection fraction (HFrEF) and iron 
deficiency [97]. The effect of FDI on exercise capacity is 
being further investigated in the IronIC trial, in heart trans-
plant patients with iron deficiency, and the IIISAS trial, in 
patients with severe aortic stenosis and iron deficiency 
[98,99]. How IV iron supplementation may affect the 
myocardium in HF patients with iron deficiency remains 
to be established, as does the long-term potential benefits 
and safety of IV iron in HF patients.

Large clinical trials are ongoing to confirm the potential 
benefit of IV iron in mainly non-acute HF patients – 
IRONMAN, FAIR-HF 2, and HEART-FID. Each of these trials 
has been specifically designed to assess, as the primary end-
point, the incidence of hospitalizations for HF, death, or CV 
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death, following IV iron infusion (specific endpoints differ 
between trials) (Table 2) [100–102].

4. Conclusion

FDI, FCM, and FER are the newest IV iron products to enter the 
market. Their success in treating iron deficiency and IDA across 
diverse patient populations and therapeutic indications is tes-
tament to the process of research and refinement, spanning 
100 years, to ensure that the modern complexes are well 
tolerated, and that they can be administered as high doses 
in short infusion times. Such benefits have positive resource 
implications through the need for fewer visits, which is in the 
interest of the patients, physicians, and payers.

This review presents the most recent evidence, from RCTs 
specifically designed to evaluate hypersensitivity as primary or 
secondary endpoints, for a low incidence of hypersensitivity 
reactions with FDI, FCM, and FER. These data should help to 
guide rational treatment decisions for iron-deficient patients. 
Even though severe reactions are rare, appropriate resuscita-
tion facilities and qualified healthcare professionals must be 
available in settings where IV iron is administered. If infusion 
reactions do occur, they are usually mild, but can mimic the 
early symptoms of a more severe reaction. It is important that 
these mild reactions are managed correctly, aided by the 
treatment algorithms that have been developed for this 
purpose.

The available clinical data suggest that FCM is associated 
with a considerably greater risk of hypophosphatemia than 
FDI and FER, which can be severe, symptomatic and/or persis-
tent. Importantly, hypophosphatemia that is induced by FCM 
may be just one element of a wider network of inter-related 
consequences, recently described as the 6H-syndrome.

As highlighted in this review, the effect of IV iron on the CV 
system is an area that is still undergoing investigation. Results 
from the first trials designed to evaluate CV outcomes in HF 
patients are promising, whereas long-term efficacy and safety 
beyond 1 year remains to be established. Such observations 
are supported by the well-established findings that IV iron can 
improve functional and symptomatic endpoints in HF patients. 
Several ongoing large-scale studies evaluating FDI and FCM 
on CV morbidity and mortality will shed further light on the 
potential benefit of these agents in the field of HF.

5. Expert opinion

Globally, iron deficiency is the leading cause of anemia [103]. 
IDA is ranked among the ten most prevalent global conditions, 
affecting 1,200 million people, and accounting for approxi-
mately one half of the total anemia burden, worldwide 
[103,104]. Consequently, the prevention and treatment of 
iron deficiency and IDA is of major importance to public 
health. IV iron is an important treatment option for patients 
with iron deficiency and IDA, when oral iron is not effective or 
well-tolerated, or when there is a clinical need to rapidly 
correct anemia.

Over the last 100 years, IV iron has evolved from the early 
products associated with toxicity due to weakly bound iron, 
to the tightly-bound, highly-stable, iron–carbohydrate Ta
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complexes that are available today – FDI, FCM, and FER – 
enabling simple, fast, and safe delivery of large doses of iron, 
meeting the needs of physicians and patients. Although the 
efficacy of IV iron is well-established, there has been a lack of 
robust RCTs directly comparing the safety of different IV iron 
products. However, this knowledge gap has been addressed 
in recent years – five head-to-head RCTs have been con-
ducted, comparing the incidence of hypersensitivity reactions 
between the newer IV iron products – FDI, FCM, and FER – as 
primary or secondary endpoints. Together, these RCTs have 
consistently demonstrated that the newer high-dose IV iron 
products have a low incidence of hypersensitivity reactions 
that is comparable between products. Such high-quality clin-
ical evidence should help to change the mind-set of physi-
cians who are reluctant to use IV iron due to a long-standing 
fear of serious hypersensitivity reactions. In addition, tools 
and initiatives to educate physicians on the management of 
mild infusion reactions in clinical practice may also help to 
alleviate such fears.

Hypophosphatemia is, increasingly, being recognized as 
a clinically relevant side effect of FCM and recent recommenda-
tions from regulatory authorities mandate the monitoring of 
phosphate in at-risk patients [7,8,81,82]. Pre-existing risk factors 
for hypophosphatemia include vitamin D deficiency, calcium and 
phosphate malabsorption, secondary hyperparathyroidism, IBD, 
and osteoporosis [8,81,82]. Given that the duration and severity 
of hypophosphatemia cannot be predicted, it would be prudent 
clinical practice to monitor phosphate in all patients before and 
after treatment with FCM. Furthermore, given the underlying 
mechanism of the 6H-syndrome, it is also clear that simple 
phosphate substitution will not sustainably correct hypopho-
sphatemia that occurs in the context of FCM treatment 
[68,72,77,105]. Burosumab – a therapeutic monoclonal antibody 
against FGF23 [106] – could represent a treatment option to 
mitigate the consequences of FCM-induced 6H-syndrome [105]. 
Further research into the duration and potential prevention of 
hypophosphatemia after FCM is necessary before FCM can be 
recommended for use without concerns regarding the occur-
rence of hypophosphatemia.

Historically, CV safety has been considered one of the main 
concerns associated with IV iron, due to the potential risk of 
exposing patients to labile iron [26,86]. However, high doses of 
the newer formulations of IV iron have, recently, been evalu-
ated in large trials and no acute CV safety concerns were 
identified [30,31,91,92]. Longer-term investigations, specifically 
evaluating the net clinical benefits of IV iron on CV endpoints, 
have been limited to patients with HF and to patients with end- 
stage kidney disease receiving hemodialysis [87–90,93]. Again, 
these trials have not identified any CV safety signals and, in the 
hemodialysis population, higher doses of IV iron have shown 
a benefit on CV endpoints compared with lower dose IV iron 
[93]. Data from clinical trials of IV iron in patients with systolic 
HF have shown improvements in quality of life and physical 
performance, and the recent data from the AFFIRM-AHF trial 
shows a reduction in the rate of hospitalization for HF [87–90]. 
However, CV safety and efficacy for FDI and FCM, in terms of 
mortality and hospitalization for HF beyond 1 year, is yet to be 
established in HF patients with iron deficiency. Such evidence is 

anticipated from the large ongoing CV outcome trials – 
IRONMAN, FAIR-HF, and HEART-FID [100–102].
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