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Parenteral iron therapy is occasionally necessary for patients intolerant or unresponsive to

oral iron therapy, for receiving recombinant erythropoietin therapy, or for use in treating

functional iron deficiency. There are now three parenteral iron products available: iron

dextran, ferric gluconate, and iron sucrose. We summarize the advantages and disadvan-

tages of eachproduct, including risk of anaphylaxis and hypersensitivity, dosage regimens,

and costs. The increased availability of multiple parenteral iron preparations should

decrease the need to use red cell transfusions in patients with iron-deficiency anemia.
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INTRODUCTION

Iron deficiency is a common problem occurring in
normal people who experience excessive blood loss, as
well as patients with inherited or acquired bleeding
disorders. Oral iron replacement is usually adequate
for most patients, but intolerance to oral iron, abnor-
mal absorption due to surgery or gastrointestinal dis-
ease, significant bleeding, and noncompliance may
make oral iron treatment in some patients inadequate.
These patients will benefit from parenteral iron.
Iron dextran has been available in the United

States for over 40 years, and there is significant med-
ical experience with its efficacy and toxicity. Because
fatalities and less severe allergic reactions have been
associated with iron dextran-induced anaphylaxis,
many clinicians are reluctant to use this product.
Over the past few years, the Food and Drug Admin-
istration (FDA) has approved two new parenteral
iron products for use in the United States. A com-
parative review of the safety of parenteral iron pre-
parations has been reported in dialysis patients [1].
The objectives of this review are to summarize the
available parenteral iron products and to compare
their advantages and disadvantages.

PARENTERAL IRON PRODUCTS

Table I summarizes the three parenteral ironproducts.
Although the two newer products (ferric gluconate and

iron sucrose) have been used in Europe, the former for
over 30 years and the latter for 50 years, their approval in
this country occurred only within the past 4 years. The
specific FDA approval for the new drugs is for iron
deficiency anemia in patients with chronic renal failure
and for hemodialysis patients receiving erythropoietin
supplementation [2,3]. However, these products are
also being used off-label to treat iron deficiency from
any cause aswell as ‘‘functional irondeficiency’’ in cancer
and renal failure patients.

PHARMACOLOGY

Table II compares the pharmacological properties
[4,5] of these three products. Although these proper-
ties vary amongst the iron products, the disposition of
iron in the body is similar for all and is governed by
the degree of iron-deficiency anemia. Following par-
enteral administration of iron, the iron–carbohydrate
complex is separated by the reticuloendothelial sys-
tem. Iron is gradually released into the circulation
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where it combines with transferrin for transport to the
liver, spleen, and bone marrow. Iron then binds to bone
marrow receptor sites for hemoglobin synthesis. The
clearance of iron from the body is dependent on the
body’s need for iron, iron storage status and the
demand for body metabolic processes. A small amount
of iron is eliminated in the urine. The absolute reticu-
locyte count can increase within 7 days and hemoglobin
responses occur within 1–2 weeks of iron dextran
administration. Ferric gluconate and iron sucrose are
more readily available for erythropoiesis than iron dex-
tran [6]. Increases in hemoglobin are first noted after 1
week of iron sucrose administration [7].

Iron Dextran (INFeD� or DexFerrum�)

INFeD� and DexFerrum� are iron dextran pro-
ducts marketed in the United States. The molecular
weights of INFeD� and DexFerrum� are 165,000
and 267,000 daltons, respectively. Iron dextran is a
colloidal solution of ferric oxyhydroxide complexed
with polymerized dextran. Intravenous iron dextran is
indicated for patients with documented iron deficiency
when oral replacement therapy is unsatisfactory or
inadequate. One of the advantages of iron dextran is
the ability to infuse the patient’s total iron requirement

in one administration (total-dose infusion). Clinicians
can conveniently treat patients in a single hospital or
clinic visit with this product. However, this method has
been associated with a higher incidence of adverse
events. Delayed reactions of hypotension, arthralgias,
myalgias, malaise, abdominal pain, nausea, and vomit-
ing have followed total dose infusion. A 25-mg test dose
should be given to all new patients started on iron
dextran. Patients should be monitored for adverse
effects for 1 hr after a test dose. Uneventful test doses
do not exclude a patient from experiencing hypersensi-
tivity reactions with the first dose or subsequent doses.
The incidence of adverse events with INFeD� and
DexFerrum� are 5.4% versus 9.7%, respectively [8].
Fletes et al. [9] reported that adverse events with
DexFerrum� were 8.1-fold more common than with
INFeD�. It has been hypothesized that allergic reac-
tions to iron dextran are associated with the dextran
component. Patients receiving repeat doses of iron dex-
tran with an interval of nontreatment should receive a
repeat test dose.
Iron dextran may be administered intravenously by

infusion. The rate of infusion should not exceed 50 mg/
min. Iron dextran is the only parenteral iron product
that can also be administered by the intramuscular
route. However, pain on injection, staining of the skin,
unpredictable delivery, and absorption of ironmake the
intramuscular route undesirable. The availability of
newer, safer parenteral iron therapy choices further
minimizes the need for the intramuscular route.

Sodium Ferric Gluconate Complex in Sucrose
Injection (Ferrlecit�)

Sodium ferric gluconate complex in sucrose for injec-
tion was FDA approved in February of 1999. The
molecular weight of ferric gluconate is approximately
350,000 daltons. The recommended route of adminis-
tration is by intravenous injection or infusion. The rate
of administration should not exceed 12.5 mg/min.
When ferric gluconate was first marketed in the U.S.,
a standard test dose of 25 mg in 50 mL of normal saline
intravenously over 60 min was recommended. This
preceded the standard dose of 125 mg in 100 mL of
normal saline intravenously over 60 min. Updated
package labeling has omitted the recommendation for
a test dose. A standard dose of 125 mg may be admin-
istered by IV injection over 10 min. The National
Kidney Foundation Dialysis Outcomes Quality Initia-
tive (NFK-K/DOQI) [10] recommends that patients
with chronic kidney disease on dialysis receive 125 mg
repeated in 8 doses. If the patient’s serum ferritin is less
than or equal to 100 ng/mL and the transferrin satura-
tion is less than or equal to 20%, the dose can be
repeated over 8 weeks.

TABLE I. Parenteral Iron Preparations

Generic name Trade names Other names

Iron dextran injection INFeD�, Imferon�,a

DexFerrum� iron dextran

Sodium ferric gluconate

complex in sucrose injection Ferrlecit� Ferric gluconate

Iron sucrose injection Venofer� Iron saccharate,

ferric saccharate,

iron sucrose

aNo longer marketed in the U.S.

TABLE II. Pharmacology of Parenteral Iron Products

Iron dextran Iron sucrose

Ferric

gluconate

Bioavailability + ++ ++

t½ elimination (hr) 6 5–6 1

Clearance

(1,000-mg dose) 10–20 mg/hra Unknown Unknown

Vd (L)b Not reported 7.9 6

Dialyzed Negligible Negligible Negligible

Safety profile + ++ ++

Pregnancy

categoryc C B B

aCleared by the reticuloendothelial system.
bVd (L), volume of distribution in liters.
cB and C denote pregnancy risk factors established by the FDA.
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In a follow-up to a double-blind study and case
reports evaluating adverse drug reactions to sodium
ferric gluconate, iron dextran-tolerant and -sensitive
patients were analyzed for drug sensitivity to ferric
gluconate [8]. Results suggested that ferric gluconate
could be safely administered to iron dextran-sensitive
patients, but ferric gluconate intolerance was greater
in iron dextran-sensitive patients than in iron dex-
tran-tolerant patients. Case reports also demonstrate
safely administering ferric gluconate following severe
reactions to iron dextran [11]. Patients with multiple
drug allergies may be at an increased risk of hyper-
sensitivity reactions [12]. Doses of 250 mg of ferric
gluconate intravenously over 1 hr have been reported
to be safe and well tolerated [13].

Iron Sucrose Injection (Venofer�)

Iron sucrose injectionwas FDA approved inNovem-
ber of 2000. Iron sucrose is an iron hydroxide sucrose
complex in water. Themolecular mass of iron sucrose is
34,000–60,000 daltons. Iron sucrose is administered by
intravenous injection or infusion. The recommended
schedule is to administer 100 mg intravenously over 5
min, 1–3 times weekly until 1,000 mg has been adminis-
tered. The rate of administration should not exceed 20
mg per minute. A test dose is also not required and is at
the physician’s discretion.
Chandler et al. [14] examined the optimal doses of

iron sucrose and found doses of 200–300 mg intraven-
ously over 2 hr were well tolerated and safe. Patients
that received doses of 400–500 mg intravenously over
2 hr experienced hypotension, nausea, and lower back
pain. In the North American Clinical Trial, patients

with documented iron dextran sensitivity were success-
fully treated with iron sucrose without a test dose [15].

COMPARISON OF PARENTERAL IRON
PRODUCT TOXICITIES

Table III summarizes the administration guidelines
for the three parenteral iron products. The parenteral
use of iron dextran has been associated with significant
morbidity and fatal anaphylactic reactions. The inci-
dence of serious, life-threatening anaphylaxis with iron
dextran has been reported to be 0.6–0.7% [11,16]. The
incidence of serious-life threatening reactions in a phase
IV, randomized, crossover, double-blind study with fer-
ric gluconate has been reported at 0.04% [17]. On the
basis of allergy-event reporting, ferric gluconate had an
allergy-event reporting rate of 3.3 episodes per million
doses compared to 8.7 episodes per million doses seen
with iron dextran [18]. Post-marketing data submitted to
regulatory agencies reported hypersensitivity rates for
iron sucrose comparable to ferric gluconate at 2.6 epi-
sodes per million doses [19]. Fatal hypersensitivity reac-
tions havenot been reportedwith ferric gluconate or iron
sucrose. Clinical trials with ferric gluconate and iron
sucrose may have enrolled too few patients to detect
this rare event. Adverse events to iron dextran [5], iron
sucrose [2], and ferric gluconate [3] have been reported to
occur up to 50%, 36%, and 35% of patients, respec-
tively. The most common adverse events include hypo-
tension, hypertension, bradycardia, chest pain, nausea,
vomiting, diarrhea, abdominal pain, headache, fever,
allergic reaction, pruritus,malaise, arthralgias,myalgias,
and back pain. Table IV summarizes the anaphylaxis
and hypersensitivity risks of the three parenteral iron

TABLE III. Administration Guidelines for Parenteral Iron Products*

Iron dextran Iron sucrose Ferric gluconate

Concentration 50 mg/mL (2-mL vial) 20 mg/mL (5-mL vial) 12.5 mg/mL (5-mL ampule)

IV injection (maximum rate) NTE 50 mg/min NTE 20 mg/min NTE 12.5 mg/min

Test dose Required on first infusion Physician discretion Physician discretion

Test dose 25-mg IV slow IV push 25-mg IV slow push 25-mg IV slow push or 25 mg

in 50 mL of NS IV over 60 min

Dosing 100 mg 100 mg 125 mg

IV injection 100 mg over 2–5 min 100 mg IV over 5 min 125 mg IV over 10 min

Maintenance dose Daily until calculated total

amount required has been reached

1–3 times week 1,000 mg over 8 dialysis sessions

Minimum cumulative dose Based on iron replacement calculations 1,000 mg 1,000 mg

Stability Not reported 48 hr (concentration of

0.5–2 mg/mL)

Not reported

Diluent 0.9% sodium chloride 0.9% sodium chloride 0.9% sodium chloride

Total dose infusion Yes No No

Infusion Dilute dose in 250–1,000 mL of 0.9%

NS infuse over 1–6 hr

100 mL 0.9% NS IV

over 15 min

125 mg in 100 mL of NS IV

over 1 hr

Routes IM (INFed) IV infusion IV injection IV infusion IV injection IV infusion

*Abbreviations: NTE, not to exceed; NS, normal saline.
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products. Data from adverse event reporting and post-
marketing studies suggest ferric gluconate and iron
sucrose are safer alternatives compared to iron dextran.

DISCUSSION

The availability of two new parenteral iron pro-
ducts combined with expanding uses for parenteral
iron (e.g., functional iron deficiency in cancer pa-
tients) make parenteral iron therapy options a prac-
tical topic for hematology–oncology physicians. Despite
widespread use in Europe for decades and frequent
use in the dialysis setting in the U.S., many physicians
are not familiar or comfortable with the use of these
medications. Reports of anaphylactic deaths associated
with iron dextran have likely contributed to the lack of
use of parenteral iron.
Although iron dextran has been linked with a

higher rate of adverse events, many of these reports
have been based on post-marketing data collection. A
recent review of a single institution’s experience sug-
gests that there may be similar safety profiles in clin-
ical practice, at least between iron dextran and ferric
gluconate [20]. These authors found an overall
adverse reaction rate with iron dextran of 20.5%
versus 23% with ferric gluconate.
Drug cost may also be a consideration in choosing

parenteral iron products. The average wholesale
prices (per gram of elemental iron) of the three pro-
ducts are summarized in Table V.

RECOMMENDATIONS

1. Despite the higher adverse event rate associated with
iron dextran products in some (but not all) reports,
most patients will tolerate iron dextran quite well.
We recommend that of the two iron dextran pro-
ducts on the market (INFeD�, DexFerrum�)
INFeD� be used due to its better safety profile.
Iron dextran also has advantages of total dose infu-
sion and lower costs. A test dose should always be
used in new patients, and consideration should be
given to routinely pretreating patients with diphen-
hydramine and acetaminophen to minimize adverse
events.

2. For patients intolerant of iron dextran, ferric glu-
conate and iron sucrose offer safe and effective
alternatives, although their costs are substantially
higher and multiple infusions are necessary to
totally replete iron stores with these products. Iron
dextran-sensitive patients and patients with multiple
allergies who will receive one of the newer products
should receive the recommended test dose before
therapy.

3. For ferric gluconate and iron sucrose, the package
insert guidelines should be followed regarding total
dose administered per infusion. Exceeding dosages
or infusion rates increases the incidence of adverse
events.

4. Transferrin saturation and serum ferritin measure-
ments are useful in deciding on the frequency of
repeat parenteral iron infusions except in treating
‘‘functional iron deficiency’’.

5. Patients with functional iron deficiency receiving
recombinant erythropoietin supplementation may
require iron replacement despite normal iron indices
[21]. Adequate iron replacement can enhance the
response to erythropoietin and decrease erythro-
poietin requirements [22].

6. Appropriate use of parenteral iron will eliminate
the necessity for transfusing red blood cells in most
patients with iron-deficiency anemia.
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