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IN-DEPTH REVIEW

Iron Sucrose: The Oldest Iron Therapy Becomes New

Jerry Yee, MD, and Anatole Besarab, MD

● Several parenteral iron preparations are now available. This article focuses on iron sucrose, a hematinic, used
more widely than any other for more than five decades, chiefly in Europe and now available in North America. Iron
sucrose has an average molecular weight of 34 to 60 kd, and after intravenous (IV) administration, it distributes into
a volume equal to that of plasma, with a terminal half-life of 5 to 6 hours. Transferrin and ferritin levels can be
measured reliably 48 hours after IV administration of this agent. Iron sucrose carries no “black-box” warning, and a
test dose is not required before it is administered. Doses of 100 mg can be administered over several minutes, and
larger doses up to 300 mg can be administered within 60 minutes. The efficacy of iron sucrose has been shown in
patients with chronic kidney disease (CKD) both before and after the initiation of dialysis therapy. Iron sucrose, like
iron gluconate, has been associated with a markedly lower incidence of life-threatening anaphylactoid reactions
and may be administered safely to those with previously documented intolerance to iron dextran or iron gluconate.
Nonanaphylactoid reactions, including non–life-threatening hypotension, nausea, and exanthema, also are ex-
tremely uncommon with iron sucrose. Management of patients with the anemia of CKD mandates that we carefully
examine the effectiveness and safety of this oldest of iron preparations and the accumulating present-day data
regarding it and contemporaneous agents. Am J Kidney Dis 40:1111-1121.
© 2002 by the National Kidney Foundation, Inc.

INDEXWORDS: Anaphylactoid reaction; chronic kidney disease (CKD); end-stage renal disease (ESRD); hemodialy-
sis (HD); iron dextran; iron gluconate; iron sucrose.

SENSING OF RENAL cortical hypoxia in-
duces the elaboration of erythropoietin

(EPO).1-3After EPO secretion, its presence in the
developing erythron, along with other growth
factors in bone marrow, maintains erythropoi-
esis, a process also regulated by the availability
of iron. In patients with chronic kidney disease
(CKD), red blood cell production may be miti-
gated not only by ongoing blood losses, but also
by low-grade hemolysis and, to a variable de-
gree, reticuloendothelial system blockade that
often is attributed to cryptic inflammatory foci
and inhibitory inflammatory cytokine actions.4-7

In patients on chronic renal replacement therapy,
iron must be administered by a parenteral route
to replete iron stores to levels sufficient to main-
tain erythropoiesis. Although prevention of iron
toxicity has proven to be one of the more formi-
dable challenges facing today’s caretakers of
patients on dialytic therapy for end-stage renal
disease (ESRD),8 iron therapy of these patients,

to the extent possible, should never be in ques-
tion because its fundamental presence is essen-
tial in the simplified balanced equation of EPO
plus iron equals red blood cell production.

HISTORY OF INTRAVENOUS IRON USE IN
DIALYSIS PATIENTS

Two products recently introduced in the United
States after their respective approvals by the

From theDivision of Nephrology andHypertension, Henry
Ford Hospital, Detroit, MI.
Received December 27, 2001; accepted in revised form

July 1, 2002.
Supported in part by American Regent Laboratories, Inc.
Address reprint requests to Jerry Yee, MD, Henry Ford

Hospital, Division of Nephrology and Hypertension, 2799
West Grand Blvd, CFP-514, Detroit, MI 48202. E-mail:
jyee1@hfhs.org
© 2002 by the National Kidney Foundation, Inc.
0272-6386/02/4006-0001$35.00/0
doi:10.1053/ajkd.2002.36853

The Official Journal of the

National Kidney Foundation

VOL 40, NO 6, DECEMBER 2002

AJKD American Journal of
Kidney Diseases

American Journal of Kidney Diseases, Vol 40, No 6 (December), 2002: pp 1111-1121 1111



Food and Drug Administration (FDA) represent
new weapons in the therapeutic armamentarium
that targets treatment of anemic patients with
ESRD. These products represent alternatives to
the most often used iron dextran formulations
(INFeD; Watson Pharmaceuticals, Corona, CA;
Dexferrum; American Regent Laboratories Inc,
Shirley, NY). These products are sodium ferric
gluconate complex in sucrose injection, also re-
ferred to as iron gluconate (Ferrlecit; Watson
Pharmaceuticals), and iron sucrose, an iron hy-
droxide sucrose complex in water (Venofer;
American Regent Laboratories). Both are as ef-
fective as iron dextran and less prone to induce
an anaphylactoid reaction, presumably attribut-
able to their lack of dextran moieties. Character-
istics of iron gluconate have been reviewed re-
cently by Fishbane and Wagner9 and are not
discussed in detail here.
Intravenous (IV) iron sucrose injection (Ve-

nofer) has been used successfully in Europe and
is generally referred to in the European and
world literature as iron saccharate or ferric sac-
charate. Several other products have been re-
ferred to as iron saccharate (Table 1). Some of
these other saccharates have been withdrawn
from the world market. The term iron saccharate
is not used in the remainder of this review, and
the term iron sucrose injection solely refers to the
product called Venofer. Although iron sucrose
has been used more widely than any other hema-
tinic for five decades, it was introduced only
recently to North America. This review focuses
on the use of iron sucrose in CKD populations,
principally those on dialysis therapy, and de-
scribes characteristics, therapeutic trials, poten-
tial uses, and safety of this preparation. Differ-
ences between characteristics of iron sucrose
versus iron dextran or gluconate are commented
on when applicable.

BIOCHEMICAL CHARACTERISTICS AND
PHARMACOKINETICS

Iron sucrose is a water-soluble compound (pH
10.5 to 11.1; 1,430 mOsm/L) composed of a
polynuclear ferric (III) hydroxide inner sphere
surrounded by sucrose molecules.10,11 It is de-
void of iron ions, unlike the iron dextrans. The
molecular weight of iron sucrose is 34 to 60,000
kd. Iron sucrose, like iron gluconate, is more
readily bioavailable for erythropoiesis than iron
dextran preparations. After the IV administration
of iron sucrose, there is rapid distribution into
plasma-binding proteins, primarily into apotrans-
ferrin and, to a lesser extent, ferritin.10Pharmaco-
kinetic data do not address whether this rapid
distribution of iron into plasma proteins results
from direct donation to plasma proteins, chiefly
transferrin, or from rapid intracellular processing
of the iron sucrose moiety. The initial volume of
distribution of iron sucrose equals that of iron
dextran and is approximately equal to plasma.10

A volume of distribution equal to plasma would
be expected of an agent that does not donate
directly to iron-binding proteins. In vitro observa-
tions by Van Wyck et al11 suggest that iron
dextran, iron gluconate, and iron sucrose may
donate iron directly to transferrin.11 Moreover,
the degree of donation differs by agent and
chemical class (iron gluconate� iron sucrose�
iron dextran). Collectively, these data suggest
that iron oversaturation was the source of dose-
related reactions during IV administration of any
of these compounds.
The alpha phase of elimination of an IV dose

of iron sucrose is approximately 30 minutes, and
its terminal half-life is 5 to 6 hours.10,12,13The
terminal half-life of iron sucrose is nearly the
same as that of the iron dextran marketed as
INFeD,14which has a terminal half-life of nearly
6 hours. However, this terminal phase is slower

Table 1. Iron Saccharate Formulations

Brand Name Pharmaceutical Name Manufacturer Country

Venofer Iron hydroxide sucrose complex in water Vifor International Inc Switzerland
Ferrivenin Iron saccharate Laevosan Austria
Fesin Saccharated ferric oxide Yoshitomi Pharmaceutical Co Japan
Ferrum Vitis Ferric saccharate Neopharma Sweden
Ferrum Lek Saccharated ferric oxide and

polymaltose complex
Lek Pharmaceuticals Slovenia
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than that of iron gluconate,15 which has a termi-
nal half-life of approximately 60 minutes. The
rapid disappearance of iron sucrose from plasma
is associated with its distribution within minutes,
assessed by positron emission tomographic scan-
ning, into iron depots, including the liver and
bone marrow.16 Importantly, this iron sucrose
uptake occurs without parenchymal damage be-
cause nearly all the iron is sequestered by reticu-
loendothelial cells, rather than parenchymal
ones.17 Changes in serum transferrin saturation
(TSAT) and ferritin levels may be measured
reliably just 48 hours after the IV administration
of iron sucrose.18 This is in contrast to iron
dextran, in which slow and competitive delivery
of complexed iron to endogenous plasma-bind-
ing proteins occurs during 3 to 4 days. Experi-
ments in vitro have shown that dextran-bound
iron may be liberated by the acidic assay condi-
tions under which the test is performed, thereby
precluding the validity of TSAT measurements
for 1 or 2 weeks.19,20

Iron sucrose injection is supplied as Venofer
in 5-mL vials that contain 100 mg of elemental
iron. Each 100-mg vial may be administered
undiluted by slow IV push over 5 minutes (20
mg/min) or as a 15-minute infusion in 100 mL
of 0.9% sodium chloride (6 to 7 mg/min).21

Others have administered iron sucrose as rap-
idly as 100 mg within 2 minutes (50 mg/min)
without adverse effects.22 By comparison, iron
gluconate, supplied as 5-mL ampoules contain-
ing 62.5 mg of elemental iron, may be adminis-
tered by IV push up to 125 mg over 10 minutes
(12.5 mg/min) or as a 125-mg infusion in 100
mL of saline over 60 or more minutes (�2
mg/min; Table 2.).23 Unlike the iron dextrans,
it is not necessary to administer a test dose of
either iron sucrose or gluconate during first-
time administration, and the package inserts of

these compounds do not carry a “black-box”
warning, a testament to the infrequency in
which these non–immunoglobulin E mast cell–
mediated reactions occur in association with
these newer compounds.24,25 In addition, the
lack of requirement for test doses reduces
hemodialysis (HD) facility costs while increas-
ing patient caretaker time in other areas.26

EFFICACY

During 50 years of worldwide clinical experi-
ence, iron sucrose has been approved for use in
54 countries as hematinic therapy for a variety of
disorders, ranging from the iron deficiency ane-
mia of CKD to anemias associated with preg-
nancy and the postsurgical period.27,28Since No-
vember 2000, iron sucrose has been approved by
the US FDA for the treatment of iron deficiency
anemia in chronic HD patients administered
supplemental EPO therapy.
In an early study of patients with CKD not on

dialytic therapy who had been administered oral
iron supplements to correct anemia, Silverberg et
al29 studied responses to the IV injection of iron
sucrose in 33 patients. During a 6-month evalua-
tion period during which no EPO was adminis-
tered, 1 g of iron sucrose, administered as five
monthly 200-mg IV doses, increased hemoglo-
bin levels and hematocrits in 67% of those stud-
ied. These responses required approximately 3
months to develop. One third of patients did not
respond to exogenous iron therapy, although
TSATs and serum ferritin levels increased, imply-
ing that iron was not limiting erythropoiesis in
these subjects. The investigators reaffirmed the
relative lack of efficacy of oral iron and con-
firmed that EPO administration may not be re-
quired in all HD patients.30-32 More recently,
Stoves et al33 reported that 300 mg of iron
sucrose once each month was equivalent to 600

Table 2. Comparison of Iron Preparation Formulations and Dosing

Iron Dextran Iron Gluconate Iron Sucrose

How supplied 100 mg/2 mL single-dose
vial

62.5 mg/5 mL single-dose
ampoule

100 mg/5 mL single-dose
vial

Maximum infusion rate 20 mg/min 12.5 mg/min 20 mg/min
Total dose infusion (FDA
approved)

No No No

Maximum dose/administration
(not FDA approved)

500-1,000 mg over 4-6
hours

250 mg 500 mg

IRON SUCROSE IN CKD 1113



mg of ferrous sulfate in pre-ESRD subjects in
terms of reducing the epoetin dose needed to
attain and maintain target hemoglobin levels of
12 g/dL (120 g/L). This study emphasizes the
difference in iron needs of pre-ESRD and ESRD
patients. In the latter, oral iron is ineffective in
themajority of cases because of ongoing dialysis-
related losses that exceed the amount absorbed
from 200 mg of elemental oral iron delivered
through the gastrointestinal route.
Iron delivery may be the rate-limiting step

in effective erythropoiesis in a variety of pa-
tients with ESRD on renal replacement therapy.
To determine the frequency of this process,
Silverberg et al34 performed a complex 12-
month study in a population of 9 continuous
ambulatory peritoneal dialysis and 64 HD pa-
tients administered IV iron sucrose twice
monthly as 100-mg infusions in 100 mL of
saline. Patients were heterogeneous and subdi-
vided into five groups, of which only the first
two groups are germane to this discussion.
Group 1 (N � 41 HD patients) had been
administered epoetin at a constant dosage (av-
erage dose, 98.8� 27.7 U/kg/wk) for 6 con-
secutive months preceding the initiation of
IV iron therapy. During the evaluation pe-
riod, which consisted of the next 6 months of
iron therapy, this group’s epoetin dose was
adjusted as needed whenever the predialysis
hematocrit decreased to less than 33%. Group
2 (N � 11 HD patients) patients were iron and
epoetin naı̈ve at the beginning of the study and
were administered simultaneous iron and epo-
etin (average dose, 95.6� 23.2 U/kg/wk)
therapy for 6 months. During the second 6
months of the study, they received treatment as
group 1.
By the study end, iron sucrose administration

had decreased epoetin requirements in groups 1
and 2 by 61% (98.8� 27.7 to 38.4� 31.1
U/kg/wk) and 76% (95.6� 7.8 to 23.2� 16.3
U/kg/wk) over 6 months, respectively. Mean
serum ferritin levels significantly increased in
both groups. A mean hematocrit of 33.7% was
achieved in patients administered iron sucrose
with epoetin. The ultimate hematinic response
(change in hemoglobin level or hematocrit) was
not predicted by the initial serum ferritin or
TSAT value, underscoring the notion that iron-
limited erythropoiesis can only be definitively

diagnosed by iron therapy.8,35Although the mag-
nitude of reductions in epoetin dosage in this
study were greater than most of those reported
for iron dextran,8,36 no head-to-head comparison
studies have been conducted to ascertain whether
one agent is more efficacious than the other.
In an open-label, single-arm, prospective, mul-

ticenter study, Charytan et al18 determined the
efficacy of 10 consecutive 100-mg IV push doses
of iron sucrose in 77 patients undergoing thrice-
weekly HD. Subjects (mean hemoglobin level,
10.3 � 0.2 g/dL [103 � 2 g/L]) had been
administered epoetin for no less than 4 months
and had not been administered oral iron for at
least 2 weeks. This group monitored the more
reliable parameter, hemoglobin level, rather than
hematocrit.37Achievement of a hemoglobin level
of 11 g/dL (110 g/L) was the principal outcome
parameter. Efficacy analysis of 76 patients
showed that 60 patients (78%) achieved the goal
hemoglobin level at some point during the 60-
day evaluation period, and the 300-mg dose of
iron sucrose achieved a significant increase in
hemoglobin level above baseline. Post hoc anal-
ysis showed that an entry TSAT less than 20%
and an entry ferritin level less than 100 ng/mL
(224.7 pmol/L) identified individuals who re-
spondedmore vigorously to iron sucrose therapy.
EPO doses were not reduced significantly be-
cause this parameter was held essentially con-
stant throughout the study interval. As men-
tioned, iron indices were measurable reliably just
48 hours after completion of iron sucrose therapy.
Kosch et al38 explored the possibility that

once-monthly iron sucrose would be as effective
asweekly iron gluconate inmaintaining hemoglo-
bin levels. They studied 55 stable epoetin-treated
HD patients in a 6-month, open, randomized,
prospective, controlled trial. A single 250-mg
iron sucrose injection in 200 mL of 0.9% sodium
chloride over 1 hour was administered monthly
to 28 patients, whereas 27 patients were adminis-
tered 62.5 mg of iron gluconate infused over a
similar time weekly. By study end, the entry
hemoglobin level of 11.3 to 11.4 g/dL (113 to
114 g/L) in all subjects remained stable on either
regimen. Epoetin doses did not decrease in these
stable iron-replete patients. However, serum fer-
ritin levels and TSATs increased significantly
with either agent. Ferritin levels increased from
412 to 650 ng/mL (926 to 1,461 pmol/L), whereas

YEE AND BESARAB1114



TSATs correspondingly increased from 21.9% to
33.3% in the iron-sucrose group. These data
compared favorably with those of the iron-
gluconate group: ferritin levels increased from
369 to 650 ng/mL (829 to 1,461 pmol/L) and
TSATs increased from 25.7% to 34.4%. Both
regimens were deemed equally effective by the
investigators. Of note, the accumulation of fer-
ritin in both groups suggests that these regimens
provided more iron than required to maintain a
steady-state level of erythropoiesis. The corol-
lary of this conclusion is that maintenance iron
doses could have been lower than those pro-
vided.
Future studies are required to define optimal

maintenance doses of the newer iron prepara-
tions; namely, doses that provide ample amounts
or iron to the erythron, yet avoid unnecessary
iron accumulation. A recent study by Fishbane et
al39 indicated that reticulocyte hemoglobin con-
tent more accurately identifies patients with func-
tional iron deficiency than the more traditionally
used indices of serum ferritin level or TSAT.
Prospective studies are needed to determine the
value of reticulocyte hemoglobin content in guid-
ing maintenance iron therapy regimens. Assess-
ment of iron status in patients with varying
degrees of renal insufficiency is even less well
defined. Despite the assumption by the K/DOQI
of similar parameters for iron deficiency in CKD
and dialysis patients,37 no prospective studies
have defined optimal parameters in CKD. If the
development of azotemia, as postulated by some,
is associated with a chronic inflammatory state
and an increase in oxidative stress, then neither
TSAT nor ferritin level will represent reliable
indicators of iron status.40,41

SAFETY

It is clear that safety of the various iron prepa-
rations differs. Because of the potential for the
appearance of life-threatening anaphylactoid re-
actions, safety of the various iron compounds
naturally has focused on the relative frequencies
of these reactions.21,36,42 Assessment of large
clinical databases suggests that the incidence of
anaphylactoid reactions reported for iron dex-
trans is less than previously reported.8,9Evidence
for immunologically based hypersensitivity is
relatively sparse, and the generation of de novo
antidextran antibodies remains an extremely in-

frequent phenomenon.43 Nonetheless, both iron
sucrose and iron gluconate have been associated
with a markedly lower incidence of life-threaten-
ing anaphylactoid reactions.
Faich and Strobos44 reported an allergy-event

rate of 3.3 cases per million per year for iron
gluconate versus a control rate of 8.7 cases per
million per year for iron dextran. In the iron-
gluconate trial of 88 HD patients by Nissenson et
al23 using either a high-dose (eight doses of 125
mg each) or low-dose (eight doses of 62.5 mg
each) regimen of this drug, three patients were
withdrawn because of drug-related adverse
events, none classified as anaphylactoid. Other
symptoms included nausea in four patients, eme-
sis in three patients, rash in two patients, and
reports of abdominal pain, fatigue, paresthesias,
chest discomfort, and syncope. Intragroup com-
parisons showed no differences among adverse
events between the low- and high-dose groups or
between any group and the historically assigned
control group. Notably, the study was inad-
equately powered to detect such differences, and
no type I immediate hypersensitivity reactions,
hospitalizations, or deaths took place.
However, more recently, iron gluconate was

reported as the “primary suspect drug” in two
MEDWATCH reports in which the outcome was
listed as “death” in the FDA’s Adverse Event
Reporting System.45 Such reports do not neces-
sarily reflect a conclusion by the FDA that iron
gluconate directly caused or contributed to the
effect. However, the authors strongly contend
that there is no requirement for IV iron adminis-
tration in complex, acutely ill, and anemic pa-
tients, particularly those with infection. In these
circumstances, transfusion therapy is more effica-
cious and expeditious. In addition, we advocate
for the avoidance or discontinuance of parenteral
iron therapy during active infective and/or inflam-
matory states.
Iron sucrose has compiled a consistent safety

record after its introduction into the European
market in 1950. Using data collected and ana-
lyzed from semiannual safety reports submitted
to worldwide regulatory authorities that incorpo-
rate information from greater than 1,600 patients
enrolled in 36 clinical trials of iron sucrose, the
number of vials of iron sucrose was estimated to
quantitate the number of doses and patients
treated between 1992 and February 2001.46 This
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summary concluded that only 52 anaphylactoid
reactions occurred consequent to the administra-
tion of 20 million doses of iron sucrose injection
to 1,004,477 patients worldwide. Of these, 22
cases were considered serious, an incidence of
0.002%, and all patients recovered uneventfully.
This type of spontaneous reporting tends to under-
estimate the true incidence of events, but in-
cludes safety results of all clinical trials in which
iron sucrose is known to have been used. For
example, the very low rate of anaphylactoid
reactions recently was confirmed by a study of
61 centers in the United States in which no
anaphylactoid reactions occurred after adminis-
tration of 8,590 iron sucrose doses to 665 HD
patients in accordance with K/DOQI guidelines
for TSATs and ferritin levels.47

The use of newer iron compounds is obviously
of vital importance to patients with documented
iron dextran intolerance. Direct assessment of
the safety profile of iron sucrose of such patients
was performed by Van Wyck et al42 in an open-
label, single-arm, prospective study of 23 pa-
tients who had previously shown sensitivity to
iron dextran. Patients were segregated into two
groups according to the severity of dextran-
related side effects. The mild-reaction group had
experienced symptoms of urticaria, pruritus, or
back pain, whereas the severe-reaction group
had experienced symptoms of dyspnea, wheez-
ing, stridor, angioedema, or hypotension. Mild-
reaction group patients were administered iron
sucrose as 100-mg IV push doses during 10
sequential HD sessions. The severe-reaction
group was administered iron sucrose as either ten
100-mg IV injections over 5 minutes or ten
100-mg infusions of iron sucrose in 0.9% sodium
chloride over 15 to 30 minutes. A total of 223
doses of iron sucrose were administered by study
end. Overall, no serious drug reaction was re-
corded, and no individual discontinued the study
because of an adverse drug reaction. Intradialytic
blood pressure monitoring showed no hypoten-
sive effects attributable to iron sucrose. Minor
reactions included pruritus in 4 patients and a
transient metallic taste during drug administra-
tion in 1 patient that resolved spontaneously.
This symptom was deemed unlikely to be related
to iron sucrose because it was present in the
predosing nontreatment observation period in 3
of these individuals.

Warnock et al48 conducted a similar trial with
iron gluconate in iron-dextran–sensitive patients.
One hundred forty-four of 2,317 patients were
deemed iron-dextran allergic and administered
iron gluconate in a double-blind trial in which
both patients and investigators were blinded to
active drug or saline placebo. Three patients
(2.1%) were iron-gluconate intolerant; 2 patients
manifested a pseudoallergic reaction with an
elevation of serum tryptase levels to greater than
100%of baseline (indicative ofmast cell degranu-
lation), and 1 patient developed a transient life-
threatening reaction. However, it is important to
note that 8 of the 2,173 subjects who were
iron-dextran tolerant were iron-gluconate intoler-
ant. Thus, intolerance to iron dextran does not
automatically imply tolerance to newer paren-
teral forms of iron, and due diligence must be
maintained whenever parenteral iron of any form
is administered.
Charytan et al49 reviewed themulticenter expe-

rience of 66 iron-depleted patients who were
intolerant to either iron dextran, iron gluconate,
or both. These patients were administered a me-
dian dose of 1,000 mg of iron sucrose (range,
500 to 5,000 mg) as ten 100-mg infusions, and
only a single patient developed a significant
adverse drug reaction to iron sucrose that was
ultimately obviated by antihistaminic premedica-
tion. The lack of iron sucrose–associated anaphy-
lactoid reactions also was substantiated in a
separate trial involving 623 patients with ESRD
from 61 HD centers in which no individual
required discontinuation from either the iron-
correction or maintenance arms of the study
because of anaphylactoid reactions.47 Notably,
several individuals who had previously shown
intolerance to iron dextran and iron gluconate
tolerated iron sucrose injection.
Nonanaphylactoid reactions represent other ad-

verse events that may transpire during IV iron
delivery. For the iron dextrans, strongly bound
type I iron complexes, such adverse events have
included the development of non–life-threaten-
ing hypotension, nausea, and exanthema. Nonim-
munologic responses to parenteral iron most
likely stem from the generation of free and
highly reactive iron species, followed by the
consequent production of yet more of these radi-
cals from the dextran core.50,51 This in turn can
result in more release of iron from tissue ferritin
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by superoxide-activated leukocytes.52The rate of
generation of free radicals is critical because
when a certain biothreshold is exceeded, bodily
defenses that guard against oxidative stress are
overwhelmed. These defenses include the com-
partmentalization of molecules capable of cata-
lyzing reactions with molecular oxygen, dismuta-
ses, and glutathione peroxidases and extracellular
removal of hydrogen peroxide and hydroxyl radi-
cals by ascorbate or�-tocopherol.8,10,50,53-55

The likelihood of developing transient free
iron also may be influenced by the rate and route
of parenteral iron administration. Notably, dur-
ing the period when intramuscular iron dextran
administration was in vogue, such reactions were
virtually absent, possibly because of the rela-
tively longer transfer time of reactive iron spe-
cies from depot intramuscular stores to the plasma
compartment. Similarly, the administration of
smaller doses of iron dextran at slower rates (5
mg/min) may explain the lesser frequency of
adverse reactions duringmaintenance iron therapy
as opposed to regimens that proactively replen-
ish iron.
Clinical implications of intermittent oxidative

stress from parenteral iron therapy have not been
definitively established, but may include acceler-
ated atherogenesis56 and possibly an increased
risk for infection.55,57 Dialysis patients have a
multitude of risk factors for cardiac disease, a
portion of which arise uniquely from abnormali-
ties associated with CKD.58An important issue is
that of possible risk for infection. Before the
widespread use of epoetin, iron overload was
common and associated with increased suscepti-
bility to infection,59,60 presumably because of
impaired neutrophil function.61 More recently,
HD patients with greatly elevated ferritin levels
(�650 ng/mL [�1,461 pmol/L]), but low serum
iron levels (�60�g/dL [�10.7 �mol/L]) and
low TSATs (�20%; functional iron deficiency),
were shown by Patruta et al62 to manifest poly-
morphonuclear leukocyte dysfunction. These ure-
mic patients were administered only 10 to 20 mg
of iron sucrose after their HD sessions, but
showed impairment of phagocytosis and intracel-
lular killing of bacteria and oxidative burst. These
impairments also were observed in patients with
normal renal function who had clinical evidence
of iron overload from either multiple blood trans-
fusions or hereditary hemochromatosis. There-

fore, it was concluded that leukocyte impairment
stemmed from a surfeit of storage iron, and
overtreatment with IV iron should be avoided.
Others have contended that hyperferritinemia

to levels up to 800 to 1,000 ng/mL (1,798 to
2,247 pmol/L) have not been proven harmful,8

and “infectious complications of hyperferritine-
mia” were not observed in the initial trials of
epoetin-treated patients.63More recently, Parkki-
nen et al64 reported the appearance of bleomycin-
detectable iron (BDI), ie, potentially catalyti-
cally active iron, in sera from 7 of 12 HD patients
within 3.5 hours after the administration of 100
mg of iron sucrose over 10 to 30 minutes. The
appearance of BDI inhibited the normal response
of patient sera to inhibit the growth ofStaphylo-
coccus epidermidis,a bacterium that cannot ac-
cess transferrin-bound iron to facilitate its growth.
Inhibitory properties of sera were restored by the
addition of iron-free apotransferrin to sera, imply-
ing that its restorative properties were related to
its action as an “iron sink.” There are no pub-
lished direct head-to-head studies comparing iron
dextran, iron gluconate, and iron sucrose on the
generation of BDI or their potential to facilitate
infection. However, the therapeutic success of
parenteral iron therapy in doses exceeding those
used in these studies supports its ongoing use in
clinically uninfected individuals while further
data regarding the putative iron-associated poten-
tial for promoting infection are accumulated.

LARGE-DOSE REGIMENS OF NONDEXTRAN
IRONS

More recently, trials of the nondextran-contain-
ing irons that involve greater than previously
used doses have been performed. Promulgation
of such regimens includes their adoption in the
outpatient setting for pre-ESRD individuals and
peritoneal dialysis patients, with the provisos of
greater convenience and equivalent efficacy. The
greater bioavailability of the nondextran irons
precludes, at least to some extent, that proportion
of iron rendered biounavailable after its exclu-
sion from the developing erythron after its entrap-
ment by the reticuloendothelial system.65 Chan-
dler et al66performed a large single-dose study to
evaluate the tolerability of various doses of iron
sucrose administered in normal saline as a 2-hour
infusion. Three hundred eighty-five HD or con-
tinuous ambulatory peritoneal dialysis patients
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or renal transplant recipients were administered
200-, 300-, 400-, or 500-mg doses of iron su-
crose. No adverse events were detected among
89 patients administered a 200-mg infusion or
185 patients administered 300-mg doses. Ad-
verse-event rates of 22% and 36% were docu-
mented in the groups administered 400- and
500-mg doses, respectively. The investigators
concluded that a 300-mg dose of iron sucrose
delivered over 2 hours represented the maximum
dose of iron sucrose safely deliverable in that
interval.
Recent data from Folkert and Michael67 sug-

gest that a 250-mg infusion of iron gluconate can
be safely administered over 60 minutes. Their
investigation compared adverse events between
a conventionally delivered 125-mg dose of iron
gluconate over 10 minutes with a 60-minute
250-mg infusion. Pruritus without rash occurred
in only 1 of 142 patients administered the infu-
sion in comparison to 1,172 patients comprising
the standard-dose group in which five adverse
events accrued.
Lastly, Bastani et al68 administered ten

250-mg and ten 500-mg infusions of iron glu-
conate to 13 patients with chronic renal failure
or ESRD. A 10% adverse-reaction rate was
detected in the 250-mg cohort, and a 30% rate,
in the 500-mg group. Adverse reactions in-
cluded chills, nausea or vomiting, diarrhea,
syncope, and hypotension.
The safety of a 200-mg infusion of iron

sucrose over 60 minutes previously has been
attested to.24 Moreover, Kosch et al38 delin-
eated no difference in adverse-event rates in
HD patients administered either a 250-mg dose
of iron sucrose over 60 minutes or an equiva-
lent dose of iron gluconate delivered in the
same period. Chandler et al22 showed that 200
mg of undiluted iron sucrose could be deliv-
ered safely through a peripheral IV site in just
2 minutes. Of 163 patients administered iron
supplementation in this fashion, 4 patients
reported a transient metallic taste and 1 patient
developed a mild immediate reaction. One
hundred fifty-eight subjects remained asymp-
tomatic during the infusion.
In patients with ESRD, iron sucrose also is

well tolerated in larger doses. This was exempli-
fied in the trial by Nyvad et al69 of HD and

peritoneal dialysis patients administered either a
50- or 200-mg maintenance dose of iron sucrose.
In the study of Domrongkitchaiporn et al70 involv-
ing peritoneal dialysis patients administered EPO
and oral ferrous sulfate, 21 anemic subjects were
administered 1 g of iron sucrose as two 500-mg
infusions over 4 hours separated by 7 days. In
contrast to data from Chandler et al,22 some, but
minimal, adverse effects were noted with this
high-dose regimen. For comparative purposes, in
a trial of 9 peritoneal dialysis patients, Asuncion
et al71 reported the efficacy and safety of iron
gluconate delivered as four weekly 250-mg infu-
sions over 90 minutes. To date, implementation
of iron sucrose doses that exceed 100 mg has not
received FDA approval, but current data are
sufficiently compelling to warrant extension of
large-dose iron sucrose trials, with the afore-
thought that higher doses of hematinics represent
greater efficiency of iron delivery, reduce costs,
and enhance patient care.

SUMMARY

Iron sucrose is an efficacious and safe hema-
tinic, based on five decades of use. Iron sucrose
has been studied extensively in clinical trials and
postmarketing surveillance. Its adverse-event rate
is substantially less than that of dextran-contain-
ing iron preparations, and it is more bioavailable
than these. The safety profile of this agent at least
equals that of iron gluconate, and both products
can be administered in smaller doses without a
test dose. In addition, large doses of iron sucrose
have been administered safely. The question of
whether larger doses equal to those presently
reserved only for iron dextrans are equally safe
or justified remains unanswered. Presented with
limited data, a single 500-mg dose of iron su-
crose over 4 to 5 hours is tolerated by most
patients, but we do not recommend a dose of this
magnitude until further data validating its safety
are available. Conversely, a single 300-mg dose
of iron sucrose most likely will be tolerated
safely by nearly all patients.
Certainly, the future of anemia management in

patients with CKD mandates that we thoroughly
examine the history of this oldest of iron com-
pounds and the accumulating data regarding it.
Whether the complete elimination of iron dex-
tran in favor of iron sucrose or another parenteral
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iron is justified by evidence-based medicine
awaits the judgment of the ultimate jury: our-
selves, the nephrologists caring for patients with
CKD.
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