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KEY POINTS

� Parenteral iron substitution is increasingly used.

� Immune complex anaphylaxis has rarely occurred to high-molecular-weight iron dextrans.

� Severe adverse drug reactions to newer carbohydrate iron formulations are very rare.

� So far, mechanisms have not been elucidated.
INTRODUCTION

Among many physicians, it is generally thought that intravenous (IV) iron has an
inherent risk of serious adverse events (SAE). Earlier preparations of high-
molecular-weight iron dextrans (HMW ID) were associated with rare SAE consistent
with anaphylaxis. Newer formulations, which are discussed in this review, are safe,
albeit rarely adverse drug reactions (ADR) may occur. Some ADR are fueled by the
misinterpretation of clinical signs and mismanagement of minor infusion reactions.1

When the literature is reviewed, it becomes obvious that clinically significant toxicity
or hypersensitivity is extremely rare. Here the authors review the available IV iron for-
mulations, the clinical manifestations of adverse reactions, their epidemiology and
perceived pathophysiologic mechanisms, and management of adverse events.

TERMINOLOGY

ADR are not infrequent and may result in severe symptoms. A variety of terms have
been used for different ADRpatterns.2 Themost common ADRare correlated to known
pharmacologic or toxic drug properties, are predictable, and may occur in any
exposed individual (type A). Hypersensitivity reactions are less common,
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unpredictable, do not depend on pharmacologic properties, and usually occur in sus-
ceptible individuals (type B).3 These latter ones are classified into immunologically
mediated reactions, such as allergy and nonallergic hypersensitivity (intolerance or
pseudoallergic reactions, also referred to as anaphylactoid), and idiosyncratic reac-
tions. These latter terms are not generally accepted and are used inconsistently. In a
consensus statement, the World Allergy Organization proposed that reactions without
a proven specific immunologic mechanism be referred to as nonallergic hypersensitiv-
ity reactions and pseudoallergy and anaphylactoid should no longer be used.4 The term
hypersensitivity should be used to describe objectively reproducible symptoms or
signs resembling allergy and initiated by exposure to a defined drug at a dose tolerated
by normal subjects. Allergy is a hypersensitivity reaction initiated by specific immuno-
logic mechanisms, either antibody mediated or cell mediated. In non–immunoglobulin
E (IgE)–mediated allergy, inflammation involves IgG antibodies or allergen-specific
lymphocytes. The adjectives immediate or delayed refer to the delay of onset of symp-
toms after the last drug administration2 and may indicate the probable underlying
immunologicmechanism (antibodies [IgE] in immediate or T cells in delayed reactions).
The term anaphylaxis is also used inconsistently. It has been proposed that anaphy-

laxis should be the general term for an acute reaction defined as a severe, life-
threatening generalized or systemic hypersensitivity reaction. The term allergic
anaphylaxis should be used when the reaction is mediated by an immunologic mech-
anism (IgE or immune complexes). Conversely, anaphylaxis caused by any nonimmu-
nologic cause could be referred to as nonallergic anaphylaxis.4 Anaphylaxis should
affect at least 2 organ systems (eg, skin and respiratory tract or respiratory and gastro-
intestinal tract); however, if acute hypotension after a very probable elicitor occurs,
anaphylaxis is an appropriate term.5

Here the authors use the term immediate-type hypersensitivity for clinical manifes-
tations e. presenting with urticaria or, bronchospasm, likely involving mast cells and
basophils, and delayed-type hypersensitivity for manifestations likely including T-cell
mechanisms, such as exanthemas. The adjective allergic should be used only for
immunologically mediated reactions. The authors prefer the term nonimmunologic
to nonallergic anaphylaxis if no specific immunemechanism is proven as in most cases
of immediate iron hypersensitivity reactions.
IRON COMPOUNDS AS POTENTIAL ALLERGENS

Iron, an essential trace element, is one of themost common elements on earth. It is esti-
mated that a healthy adult contains 35 to 50mg of iron per kilogram of body weight or a
total of 2 to 6 g. At least 70% is used in hemoglobin, myoglobin, and enzymes involved
in intracellular oxidation-reduction processes, oxygen transport, and cellular respira-
tion. As 99% of red cell iron is recycled, the daily need is between 1 and 2 mg/d for
an adult because of physiologic loss in sweat and stool.
Metals are haptens; in order to form a complete allergen, a carrier protein, which is

typically an endogenous protein, is needed. For nickel and some other metals, partic-
ularly in the setting of contact allergy, direct binding to the HLA molecule has been
demonstrated.6 Additionally, it has been shown that nickel and cobalt may initiate
an innate immune response in the sense of a danger signal7 that is needed to induce
an immunologic response. For any other metal, including iron, such a mechanism has
not been studied. In humans, iron has been rarely demonstrated to have antigenic or
allergenic properties.8 Some metals, such as cobalt, which are also part of essential
molecules, such as the vitamin B12 complex, are well-known contact allergens on
topical cutaneous exposure.9
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To ensure better tolerance, iron products are administered in complexes as various
salts or with carbohydrate carriers. A variety of different formulations are commercially
available (Table 1). For HMW dextrans, also used as volume expanders10 and still
used in some iron preparations, IgG-mediated anaphylaxis has been documented.11

Immune complexes formed by specific IgG binding to HMW dextrans, as with iron
dextran hypersensitivity, have been shown to elicit a so-called immune complex
anaphylaxis (Coombs and Gell type III).12 Preexisting high levels of IgG and IgM anti-
bodies, so-called dextran-reactive antibodies, have been identified. Some other
carbohydrates, such as carboxymethylcellulose (E466), are held responsible for rare
cases of anaphylaxis on the intramuscular (IM) administration of corticosteroid
preparations containing this emulsifying agent.13,14 Type I hypersensitivity is demon-
strated here based on the presence of specific IgE. For other carbohydrates, such a
mechanism has rarely been demonstrated. Recently, the disaccharide galactose-
alpha-1,3-galactose has been shown to be an antigen in mammalian meat. The
same antigen has been identified on the chimeric mouse/human antibody cetuximab,
which has caused severe anaphylaxis on the first exposure in apparently previously
sensitized patients.15

IRON PREPARATIONS

The liberation of catalytically active free iron is proportional to the instability of the car-
bohydrate complex andmay lead to oxidative stress and hypotension.16 IV iron formu-
lations are colloids that consist of spheroidal iron-carbohydrate nanoparticles.17 An
iron-oxyhydroxide gel lies at the core of each particle. A shell of carbohydrate that sta-
bilizes the iron-oxyhydroxide, slows down the release of bioactive iron, and maintains
the resulting particles in colloidal suspension surrounds the core. IV iron agents share
the same core chemistry but differ from each other by the size of the core and the type
and density of the surrounding carbohydrate (see Table 1). Initially, only HMW ID were
available and were associated with a high rate of anaphylactic reactions. The newer
compounds have a considerably lower rate of ADR.

PATHOPHYSIOLOGY

Drug hypersensitivity reactions include all 4 Coombs and Gell types (types I–IV) as well
as nonimmunologically mediated hypersensitivity reactions in which no specific initi-
ating element, such as a drug-specific IgE-, IgG antibody, or T cell, can be
demonstrated.18

In immediate IV iron hypersensitivity, several pathogenic models have been impli-
cated. An IgE-mediated mechanism has not been convincingly shown.19,20 However,
with HMW ID, immune complex anaphylaxis (Coombs and Gell type III)21 caused by
preexisting dextran-reactive antibodies has been repeatedly demonstrated.22

Hypersensitivity reactions to IV irons have similarities to the so-called red man syn-
drome related to IV vancomycin administration (by direct stimulation of mast cells). It is
a nonimmunologic reaction and is thought to involve direct stimulation of mast cells or
basophils. An increase in serum histamine levels,3 related to the rate of vancomycin
infusion, has been shown. Therefore, it is recommended that vancomycin be admin-
istered over at least 1 hour.23 The concomitant use of medications that cause nonspe-
cific histamine release frommast cells may precipitate red man syndrome. Also, some
infusion reactions from biologic drugs24 show similarities (eg, toxicity caused by high
doses or acute cytokine release [cytokine storm] caused by cell activation or cell
death) that are also usually not immunologically mediated.25 Other drugs include opi-
oids, IV contrast agents, and muscle relaxants.26



Table 1
Iron products and their properties

Currently Available Intravenous Iron Preparations
Investigational Agents
(Not FDA Approved)

Trade name DexFerrum InFeD,
Cosmofer

Ferrlecit Venofer Ferumoxytol,
Feraheme

Monofer
Approved Europe

Injectafer
Ferinject (Europe)

Carbohydrate HMW ID
(branched
polysaccharide)

LMW ID
(branched
polysaccharide)

Gluconate
(monosaccharide)

Sucrose
(disaccharide)

Polyglucose
sorbitol
carboxy-
methylether

Isomaltoside
(linear
oligosaccharide)

Carboxymaltose
(branched
polysaccharide)

Complex type Type I; robust
and strong

Type I; robust
and strong

Type III; labile
and weak

Type II; semirobust
and moderately
strong

Type I; robust
and strong

Type I; robust
and strong

Type I; robust
and strong

Molecular weight
measured by
manufacturer (Da)

265,000 165,000 289,000–440,000 34,000–60,000 750,000 165,000 150,000

Labile iron release – – 111 1/– – – –

Total dose or
>500-mg infusion

Yes Yes No No Yes Yes Yes
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Premedication TDI only TDI only No No No No No

Test dose required Yes Yes No No, yesa No No No

Iron
concentration
(mg/mL)

50 50 12.5 20 30 100 30
50 (Europe)

Vial volume (mL) 1–2 2 5 5 17 1, 2, 5, 10 2, 10
1, 2, 10 (Europe)

Black box
warning

Yes Yes No No No No No

Preservative None None Benzyl alcohol None None None None

DexFerrum. Available at: http://www.americanregent.com/documents/Product16PrescribingInformation.pdf. Accessed September 4, 2013.
InFeD. Available at: http://pi.actavis.com/data_stream.asp?product_group51251&p5pi&language5E. Accessed September 4, 2013.
Ferrlecit. Available at: http://www.products.sanofi-aventis.us/ferrlecit/ferrlecit.pdf. Accessed September 4, 2013.
Venofer. Available at: http://www.venofer.com/PDF/Venofer_IN2340_Rev_9_2012.pdf. Accessed September 4, 2013.
Feraheme. Available at: http://www.feraheme.com/downloads/feraheme-pi.pdf. Accessed September 4, 2013.
MonoFer. Available at: http://www.nataonline.com/sites/default/files/imagesC/Monofer_core_SPC.pdf. Accessed September 4, 2013.
Injectafer. Available at: http://www.injectafer.com/files/Prescribing_Information.pdf. Accessed September 4, 2013.

Abbreviations: FDA, Food and Drug Administration; LMW, low molecular weight; TDI, total dose infusion.
a A test dose is only required in Europe.
Data fromMacdougall I, Geisser P. Use of intravenous iron supplementation in chronic kidney disease: an update. Iran J Kidney Dis 2013;7(1):9–22; andMuñozM,

Garcı́a-Erce JA, Remacha ÁF. Disorders of iron metabolism. Part II: iron deficiency and iron overload. J Clin Pathol 2011;64(4):287–96.
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CLINICAL MANIFESTATIONS

Generally, hypersensitivity reactions from drugs may include a large variety of different
clinical manifestations on different organs. The clinical manifestation is an expression
of the involved mechanism. After the introduction of iron dextran products, anaphy-
lactic reactions, including urticaria, angioedema, bronchospasm, and anaphylactic
shock, have been reported.11 Typical hypersensitivity symptoms are listed in Box 1.

HISTORY

To better understand the origin of negative perception with IV irons’ use, a brief review
of the history is necessary. In the early twentieth century, parenteral iron usage, often
via the IM route, was limited because of prohibitive toxic reactions.27 In 1947, Nissim28

demonstrated that IV iron as saccharide could be administered with relative safety,
although infusion reactions were common. Given the safety and efficacy of oral iron,
it is not surprising that a paper by Marchasin and Wallerstein29 received little attention,
reporting 37 patients treated with a total dose infusion of iron dextran and none with
SAEs.
In 1954, the first iron dextran, IMFeron, an HMW ID, (no longer available) was intro-

duced by Baird and Padmore30 for the treatment of iron deficiency by the IM route. It
was used in divided doses with infrequent adverse events, such as pain and pigmen-
tation at the injection site. Rare episodes of anaphylaxis were reported. In 1980, the
first large prospective study of IV iron in the United States31 in 478 patients with
iron deficiency who received full-dose replacement with HMW ID was published.
Nearly all patients responded completely, but 3 had SAE; delayed reactions occurred
in 8 patients, none of which were fatal. The researchers concluded that IV iron should
only be used when iron deficiency cannot be treated adequately with oral iron. A black
box warning was placed on the package insert that persists on all iron dextran prod-
ucts in the United States but not in Europe.
Box 1

Typical hypersensitivity symptoms to IV iron likely caused by an immune reaction

Immediate Symptoms

Skin: pruritus, extended flush, urticaria, angioedema

Respiratory: dyspnea, tachypnea, cough, bronchospasm, stridor

Gastrointestinal: nausea, emesis, colic, diarrhea

Cardiovascular: hypotension, hypertension, tachycardia, bradycardia, palpitations, chest
pain, shock

Central nervous system: dizziness, syncope, unconsciousness

Delayed Symptoms

Fever

Arthralgia, arthritis

Lymphadenopathy

Exanthems

Data from Farnam K, Chang C, Teuber S, et al. Nonallergic drug hypersensitivity reactions. Int
Arch Allergy Immunol 2012;159(4):327–45; and Hoigné R, Breymann C, Künzi UP, et al. Paren-
teral iron therapy: problems and possible solutions. Schweiz Med Wochenschr
1998;128(14):528–35 [in German].
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In 1989, erythropoiesis-stimulating agents (ESA) became available for use in dial-
ysis. This class of drugs promised to eliminate the symptoms of anemia. However,
enthusiasm for the use of erythropoietin (EPO), the first ESA to be approved in the
United States, was limited. At the same time, seminal work by Eschbach and col-
leagues32 and later Fishbane and colleagues33 showed that when IV iron (but not
oral) was given to hyporesponsive patients with iron-restricted erythropoiesis, marked
synergy occurred. Iron dextran rapidly became standard in dialysis.
In 1991, IMFeron was removed from the market; but at the same time, a low-

molecular-weight iron dextran (LMW ID), InFeD, became available. Between 1992
and 1996, virtually all patients undergoing dialysis received LMW ID. In 1996, another
HMW ID (DexFerrum) was approved as an alternative. In 1999 and 2000, 2 iron salts,
ferric gluconate (Ferrlecit) and iron sucrose (Venofer), were approved. Three retro-
spective studies on large dialysis populations,34–36 using spontaneous adverse event
reporting systems, reported a much lower incidence of SAE; these 2 iron products
rapidly replaced iron dextrans. In 2004, Chertow and colleagues37 reported that
most SAE were caused by the HMW ID formulation, which has been corroborated
by the preponderance of published evidence.38

Most of these concerns could have been precluded had the published evidence of
Fishbane and colleagues39 been more widely disseminated. They described an acute
arthralgia and myalgia syndrome associated with the test dose. In 0.3% of patients,
the acute onset of isolated chest oppression and back pain with or without facial flush-
ing occurred (Box 2) but without further symptoms of anaphylaxis. After a short delay,
symptoms resolved without treatment and rechallenges were tolerated. Unfortunately,
these signs were considered as a prodrome to anaphylaxis; inappropriate intervention
with drugs, such as diphenhydramine and epinephrine, converted a self-limited minor
infusion reaction to a serious cardiovascular adverse event attributed to the IV iron.
Similar misconceptions may arise when diphenhydramine is used as premedication
for which there is no evidence to suggest a benefit. In a study of 135 patients receiving
LMW ID preceded by premedication with cimetidine, dexamethasone, and diphenhy-
dramine, most of the adverse events were considered secondary to premedication.40

Recently, 3 new IV iron formulations that promise to allow complete replacement
dosing in 15 minutes have been approved. These formulations are ferumoxytol (Fera-
heme), ferric carboxymaltose (Injectafer, Ferinject in Europe), and iron isomaltoside
1000 (Monofer, Europe only). Using head-to-head comparisons of LMW ID versus
iron sucrose, ferumoxytol versus iron sucrose, and ferric carboxymaltose versus
iron sucrose, no differences in efficacy or safety could be identified.41–45
Box 2

Symptoms to IV iron likely caused by toxicity from free iron

Transient facial flushing

Chest oppression

Headache

Nausea, diarrhea

Back pain

Low-grade fever

Myalgia, arthralgia

If metallic taste, lower lumbar pain
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ADR FROM IRON PRODUCTS

Reactions after the administration of IV iron can be divided into acute (immediately af-
ter the start of the infusion), delayed (hours to a day after the infusion), or long-term
(mainly oxidative stress or infection). Although the literature is abundant with published
evidence to theoretically support long-term reactions,46 clinically relevant evidence is
lacking. Following administration, iron is principally taken into the reticuloendothelial
system where the carbohydrate shell is slowly degraded. Thus, elemental iron can
be slowly released for erythropoiesis without causing toxicity. The metabolism of
iron products is not similar to the physiologic iron process because IV administration
bypasses the hepcidin-ferroportin pathway in the intestine, which protects against
iron overload and regulates transferrin iron saturation.47–50

Iron Products and Immediate Toxicity

Toxicity related to IV iron administration is attributed to the effects of bioactive labile
iron (see Box 2, Fig. 1). Yet, when appropriate dosing and proper administration pro-
tocols are followed, the symptoms are clinically insignificant, self-limited, and usually
resolve without treatment. Furthermore, without any evidence, diphenhydramine is
often used as premedication. This antihistamine is known to cause somnolence, dia-
phoresis, hypotension, and tachycardia; Barton and colleagues40 reported that most
adverse events were caused by the premedication with diphenhydramine.
To reduce the large amounts of labile iron causing toxicity, formulations were devel-

oped that shielded iron (see Table 1). Nonetheless, small amounts of labile iron are
measurable following the administration of each formulation.51 The currently approved
IV iron formulations all share the iron-carbohydrate structure but differ from each other
by the size of the core and the density of the surrounding carbohydrate determining
the amount of labile iron that is released (see Table 1).
Following the release of LMW ID for use as an adjunct to ESA in dialysis-associated

anemia, marked improvements in hemoglobin responses, energy, activity, cardiovas-
cular function, cognition, sexual function, and survival were observed; SAEs were
extremely rare. However, after the release of HMW ID in 1996, a small but clinically sig-
nificant increase in SAEs was observed. Faich and Strobos34 compared the sponta-
neous reports to the US and European drug agencies of SAEs to iron dextrans and
noniron dextrans and noted a significantly higher rate of reactions and 31 deaths
attributed to the iron dextrans. No deaths caused by the nondextran irons were re-
ported. In 2 retrospective analyses,35,36 a very low SAE rate with ferric gluconate as
well as a negligible acute ADR rate even after previous iron dextran hypersensitivity
were observed. It was subsequently concluded that ferric gluconate and iron sucrose
were much safer than iron dextran, and more than 400,000 patients undergoing dial-
ysis were switched from iron dextran to either ferric gluconate or iron sucrose.
Then in 2004, Chertow and colleagues37 observed that most of the SAEs reported

with iron dextran were caused by the HMW formulation and concluded that when
HMW ID was avoided, SAEs were extremely rare, with an estimated incidence of
less than 1:200,000 doses. Although using spontaneously reported ADR as an indica-
tor of relative safety has been proscribed,52 every prospective study and intrainstitu-
tional retrospective study comparing the safety of the iron salts with LMW ID has
shown no difference.46 Ferumoxytol and ferric carboxymaltose have been prospec-
tively compared with iron sucrose for efficacy and safety. As with LMW ID, no signif-
icant differences have been noted.53

An acute onset of arthralgia or myalgia and/or flushing may occur with any iron for-
mulations. In extremely rare circumstances, these symptoms may be followed by
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Fig. 1. Comparative labile iron pools of parenteral iron products. (Upper diagram) Concen-
tration of the Ferrozine-detectable labile iron pool in mg/mL. The bars represent the average
of at least 4 measurements. (Lower diagram) Ferrozine-detectable labile iron in percentage
of the total used dose. For each measurement, the iron complex was incubated in human
serum for 10 and 45 minutes, respectively. Thereafter, the Ferrozine reaction was performed;
in each case, an intercept of a second-degree polynomial regression function of the absorp-
tion versus rime curve with the ordinate was calculated. These intercepts were extrapolated
to an incubation time of t 5 0 (where t is time) by linear regression, yielding the labile iron
pool in serum for each intravenous iron product. Fe, iron. (From Jahna MR, Andreasen HB,
Fütterer S, et al. A comparative study of the physicochemical properties of iron isomaltoside
1000 (Monofer), a new intravenous iron preparation and its clinical implications. Eur J
Pharm Biopharm 2011;78:486; with permission.)
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anaphylaxis. It is of note, however, that no increase of serum tryptase levels, a sero-
logic marker for anaphylaxis, was documented during these reactions.54 Based on a
validated tool, the Ferrozine-detectable iron, the amount of labile iron after administra-
tion of either 200 mg (ferric gluconate and iron sucrose) or 500 mg (LMW ID, ferumox-
ytol, ferric carboxymaltose, iron isomaltoside), is highest with the 2 salts, much lower
with LMW ID, and lowest with ferumoxytol, ferric carboxymaltose, and iron isomalto-
side (see Fig. 1).51 Therefore, the overwhelming likelihood is that they are minor sys-
temic reactions to labile iron. These reactions resolve spontaneously and rarely recur
with rechallenge. Pretreatment with methylprednisolone may decrease recurrence; in
less than 1:1000 administrations, ranitidine and acetaminophen may be necessary.

Iron Products and Delayed Toxicity

Delayed arthralgias and myalgias infrequently occur after a total dose infusion or cu-
mulative lower doses.55 Premedication with corticosteroids abates or eliminates these
reactions; but because they are mild and self-limited, the symptoms are also easily
relieved with nonsteroidal antiinflammatory drugs. Other delayed reactions, with
similar schedules, are low-grade fevers and headache.
Long-term toxicity remains a concern, but there are no prospective data on long-

term outcomes with the use of IV iron. The most comprehensive work on this subject
was done by Kalantar-Zadeh and colleagues56 who examined time-dependent asso-
ciations between IV iron administered and both all-cause and cardiovascular
morbidity andmortality in patients undergoingmaintenance hemodialysis. After exten-
sive time-dependent and multivariate adjustment for case mix, administered IV iron
and EPO doses, and surrogates of nutritional status and inflammation, the lowest
all-cause and cardiovascular risk was associated with ferritin levels between 200
and 1200 ng/mL and transferrin saturations between 30% and 50%. Compared
with those who did not receive IV iron, maintenance dosages of up to 400 mg per
month were associated with improved survival. Supporting these conclusions, Feld-
man and colleagues57 reported a slightly increased mortality in patients receiving
more than 1 g of IV iron over a 6-month period; but after controlling for confounding
variables, no morbidity with IV iron was present, thus, providing cautious support
for the administration of greater than 1 g over a 6-month period if needed to maintain
target hemoglobin.

Iron Products and Immediate Hypersensitivity

Despite the very rare occurrence of SAE,19 there are some case reports of severe
anaphylaxis. In a 38-year-old woman, IV ferric gluconate 125mgwas given over 10mi-
nutes. The first dose was initially well tolerated; however, nausea, dizziness, and minor
tongue swelling occurred several minutes later.58 On her second course of therapy,
premedication with dexamethasone, diphenhydramine, and prochlorperazine was
given. Subsequently, epigastric pain, nausea, swelling of her lips and tongue, and hy-
potension occurred. The symptoms resolved after the administration of diphenhydra-
mine, dexamethasone, morphine, cimetidine, IV fluids, and oxygen. The Naranjo
probability scale indicated a probable relationship between the hypersensitivity reac-
tion and ferric gluconate, but no investigation was done.58 A 24-year-old primigravida
received ferric gluconate and developed tongue swelling. Diphenhydramine was given
and the infusion was continued. Suddenly hypotension (70/30mmHg, pulse 110 beats
per minute) and severe angioedema of the face and tongue developed. Resuscitation
was successful, and she delivered a healthy child 1 week later.59 No allergy investiga-
tion was performed. A 42-year-old woman received 100 mg of IV iron sucrose (Veno-
fer); after 15 minutes, generalized pruritus, burning of the tongue, and peribuccal
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hyperesthesia occurred.60 Identical reactions occurred after premedication and iron
sucrose and ferric carboxymaltose. Subsequent infusions were well tolerated. A patch
test was negative, which is not surprising because it was likely the side effect of IV iron
and not a T cell–mediated process. A particular case with a true allergic reaction to the
casein component of oral iron proteinsuccinylate (Ferplex 40) was observed in a
4.5-year-old atopic child with a milk and fish allergy.61 A skin test and IgE were positive
to milk proteins. An immunoblot revealed binding to the proteinsuccinylate, indicating
its allergenic property.

Iron and Delayed-Type Hypersensitivity

Drug-induced exanthemas have been described with IV iron products, suggesting a T
cell–mediated reaction; however, it is unlikely that iron is the elicitor. Unlike with nickel
and palladium, contact allergy to iron seems to be extremely rare. Some researchers
question the existence of true positive patch tests to iron because of the potential
contamination of tested iron agents with other metal contact allergens, such as nickel
or cobalt. There are very few cases with positive patch tests with iron.62,63 However,
so far the optimal iron salt to be used in patch tests has not been established.

Iron and Long-term Toxicity and Infection

Human studies have shown transient increases in markers of oxidative stress with all
forms of IV iron; however, no clinically negative outcomes associated with the increase
in these markers has ever been reported.54,64

IV iron has also been theoretically implicated as a possible cause of increased infec-
tion rates.65,66 However, no prospective study with defined infectious outcomes has
ever shown an increase with millions of doses in dialysis-associated anemia, nondial-
ysis chronic kidney disease, or chemotherapy-induced anemia, and several prospec-
tive and observational studies have shown the opposite.57,67,68 Eleven studies
examining IV iron in chemotherapy-induced anemia have shown synergy with ESA
when IV iron was added to the treatment paradigm. One additional study69 observed
a hemoglobin increment with IV iron alone. In 6 of the 12, whereby a defined infection
rate was evaluated, no increment in infections was observed.69–74 This contention was
corroborated in an extensive meta-analysis of IV iron in chemotherapy-induced ane-
mia whereby no increment in infection was seen.75 Finally, in a recent observational
trial of 2547 perioperative patients who underwent elective lower limb arthroplasty
or hip fracture repair, with or without ESA, observed not only reduced transfusion rates
and length of hospital stay (P 5 .0001) but also no difference in infection rates.76

In summary, the current state of the literature regarding the risk of IV and infection is
inconclusive; but based on the preponderance of published evidence, the risk of IV
iron, if any, in causing increased morbidity because of infections is vanishingly small.

DIAGNOSIS AND MANAGEMENT

An allergological work-up of a drug hypersensitivity reaction is based on the assump-
tion of an antibody- or T cell–mediated process. Subsequent prick and intradermal
tests are typically used for the identification of an IgE antibody–mediated reaction,
whereas intradermal tests with late readings and patch tests are typically used for
the diagnosis of T cell–mediated reactions with readings after 24 or 48 and 72 or
96 hours.77 For metal antigens, neither specific IgE antibodies nor a cellular in vitro
assay have so far been commercially established. Typically in occupational situations,
such as inhalatory exposure to platinum salts78 or in anaphylaxis to platinum salts
used in oncology,79 an IgE antibody–mediated mechanism has been implicated. For
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other metals, this seems to be exceedingly rare. For immediate reactions basophil
activation tests, that are used in drug hypersensitivity,80,81 and for T cell–mediated
processes lymphocyte activation tests are feasible. The determination of specific
IgG and IgM antibodies has been established for dextrans to detect immune complex
reactions from dextrans used as plasma expanders or anticoagulants.82 However, for
all in vitro tests, a standardized commercially available test is not on the market.
The only feasible test to identify a hypersensitivity reaction to a drug irrespective of

the mechanism is a controlled reexposure or provocation test.83 However, this carries
the intrinsic danger of eliciting a life-threatening reaction. In some situations whereby a
particular drug is indispensable, the procedure may help exclude a suspected hyper-
sensitivity reaction.
If a patient has a probable hypersensitivity reaction after the administration of an

iron product, the following information should be carefully obtained:

1. Brand and generic name of the product, including administered dose
2. Route of administration (perioral, IM, or IV [and velocity of infusion in the case of IV])
3. Morphology: exact description of clinical manifestations including all symptoms

and signs (see “Clinical Manifestations”); nonspecific symptoms, such as metallic
taste and lower lumbar pain, and so forth

4. Chronology: first onset of symptoms, their evolution, and disappearance
5. Response to treatment

From this description, a hypothesis on the potential mechanism can be made and
the appropriate tests selected.
If suspected, a cutaneous or systemic mastocytosis should be excluded. The deter-

mination of baseline mast cell tryptase may be helpful in this situation. In the acute
phase, mast cell tryptase can also be measured between 0.5 and 3.0 hours after
the incident in order to demonstrate activation and mediator release from cutaneous
mast cells.
For iron products, it is strongly discouraged to perform any prick or intradermal tests

with undiluted or diluted solutions. First, an IgE-mediated mechanism, which could be
identified by this technique, has not been demonstrated. Second, iron pigment may
remain for prolonged periods. Skin tests for IgG-mediated reactions are not standard-
ized and discouraged for the same aforementioned reasons. Finally, patch tests are
only useful for T cell–mediated processes, such as eczema or exanthemas. These
manifestations are exceedingly rare with iron, and the optimal patch test concentra-
tions are not known. In vitro tests (such as the determination of specific IgG to poten-
tial antigens or allergens in iron formulations, basophil activation tests, and
lymphocyte activation tests) are used in specialized laboratories for research pur-
poses only.
Finally, provocation tests can be indicated in selected patients after a careful risk/

benefit analysis.83,84 For some iron products, test doses are recommended without
evidence to support the recommendation.1 There are many reports of an initial mild
reaction (eg, urticaria) not recurring with rechallenge with the same iron preparation.
In some patients, the selection of another formulation may be advisable. In the au-
thors’ hands, this approach without premedication was successful in most patients
with a putative hypersensitivity reaction to iron products.
The systematic premedication including antihistamines, corticosteroids, and leuko-

triene antagonists, as often done before IV radiocontrast media, is not recommen-
ded.85 It has not been shown that premedication is of benefit58; the premedication
itself may lead to an ADR, including hypotension. In one patient, a so-called desensi-
tization procedure with oral iron has been reported.86
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SUMMARY

Although adverse events occur with all the formulations of IV iron, the frequency of
SAE in prospective studies is extremely low; but the current reporting systems provide
scarce or no data at all about the relative frequency among the available formulations.
IV iron is generally safe and probably much safer than most physicians realize. It is
effective in treating iron deficiency across a broad spectrum of anemias. Unlike oral
iron, which is rife with gastrointestinal perturbation, which is reported in up to 70%
of those to whom it is prescribed, adherence is 100%. Published evidence supports
a larger and earlier role for IV iron and raises the question of whether it should be
the frontline therapy.
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