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Iron deficiency is common in individuals with chronic kidney disease and plays a major role in the

development of anemia. Oral and intravenous iron agents are both available to replete iron in patients with

chronic kidney disease diagnosed with iron deficiency. The choice of which agent to use is most often

dictated by goals of therapy, tolerability, convenience, and response to prior therapy. Diminished ab-

sorption of iron in the gastrointestinal tract and a high incidence of gastrointestinal adverse effects can

reduce the efficacy of oral iron agents, necessitating the use of i.v. iron formulations to treat iron deficiency

anemia, particularly in patients requiring kidney replacement therapy. Newer oral agents may help to

overcome these limitations and help treat iron deficiency in those not requiring kidney replacement

therapy. Recent studies have provided new evidence that more aggressive repletion of iron in patients

with chronic kidney disease requiring kidney replacement therapy may provide benefits with respect to

anemia management and hard clinical outcomes such as cardiovascular disease and survival.
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I
ron deficiency is a common complication of kidney
disease and plays a central role in the development of

anemia of chronic kidney disease (CKD).1 Because of
this, treatment of iron deficiency is critical to the suc-
cessful management of anemia in individuals with CKD,
particularly those with kidney failure needing
replacement therapy.2,3 Development of novel iron
supplements has provided several new tools to effec-
tively address iron deficiency in patients with CKD.
This review will overview the current state of iron
repletion strategies in patients with CKD with partic-
ular emphasis on newer therapeutics that have recently
been added for the treatment of iron deficiency as well
as new studies that have helped inform best practices
for how and when to treat iron deficiency across the
spectrum of CKD.

Pathophysiology of Iron Deficiency in CKD: Brief

Overview

Before discussing what types of iron supplements are
available for the treatment of iron deficiency in CKD, a
brief overview of the pathophysiology of iron
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deficiency in kidney disease is necessary (several
excellent, more in-depth reviews have been previously
published4–6). Approximately 1 to 2 mg of iron is
typically absorbed daily from the diet to balance the
obligatory iron losses from the skin and gastrointestinal
tract.7 The proximal small intestine is the site where
most iron absorption takes place under tight physio-
logic regulation. Iron in food can be absorbed by
gastrointestinal epithelial cells in its heme or nonheme
forms through separate mechanisms.8 Once absorbed,
the release of iron into the blood across the basolateral
membrane requires ferroportin, expressed in the
basolateral membrane of epithelial cells (Figure 1,
adapted from Panwar and Gutiérrez6).9,10

As the only known iron exporter in mammalian
cells, ferroportin is critical for facilitating iron efflux
across the basolateral membrane of epithelial cells and
from the macrophages into the blood plasma (Figure 2,
adapted from Panwar and Gutiérrez6).10,11 Hepcidin, a
25-amino acid peptide primarily synthesized and
secreted by hepatocytes into the blood,12 is the primary
hormonal regulator of iron handling through its effects
on ferroportin.13 Hepcidin binds to ferroportin on the
basolateral membrane of the enterocytes and on mac-
rophages promoting degradation and endocytosis of
ferroportin.13 This reduces the presence of ferroportin
on cell membranes, effectively limiting the flux of iron
into the blood from gut epithelial cells or from
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Figure 1. Systemic iron trafficking. Iron is absorbed across the duodenal enterocytes. Once absorbed, it binds to transferrin in the plasma. Iron
bound to transferrin can then be transported and taken up by the bone marrow (for erythropoiesis) or the liver or spleen (for storage). Iron is
recycled when macrophages take up senescent red blood cells and release iron back to the plasma pool.
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macrophages and hepatocellular cells that form the
main storage for iron.

Hepcidin plays a central role in the etiology of iron
deficiency in CKD. Iron deficiency in CKD can be
Figure 2. Mechanisms of intestinal iron absorption. Diet iron is imported ac
different mechanisms. Imported iron can be stored as ferritin or transpo
exporter ferroportin. Iron is then transported to target tissues via the iron
the basolateral membrane abundance of ferroportin.
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broadly classified as absolute iron deficiency, marked
by low iron stores and low circulating iron concen-
trations, and as functional iron deficiency, marked by
low circulating iron concentrations in the setting of
ross the apical membrane of the duodenal enterocytes using several
rted to the basolateral membrane, where it can exit using the iron
transporter transferrin. Hepcidin blocks iron absorption by reducing
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Table 1. Major oral iron supplements available24–26

Supplement Elemental iron per dosage unit Frequency

Ferrous sulfate 65 mg/tableta 1 tablet, 1–3 times per day

Ferrous gluconate 38 mg/tablet a 1 tablet, 1–3 times per day

Ferrous fumarate 106 mg/tablet a 1 tablet, 1–3 times per day

Ferric maltol 30 mg/tablet 1 tablet, twice per day

Ferric citrate 210 mg/tablet 1-2 tablets, 3 times per day

Liposomal iron 30 mg/tablet 1 tablet per day

aFor 325-mg tablets.
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normal iron stores. Hepcidin concentrations are
commonly elevated in individuals with CKD, likely due
to a combination of decreased kidney clearance of
circulating hepcidin and enhanced levels of systemic
inflammation that stimulate hepcidin expression.
Increased hepcidin concentrations block intestinal iron
absorption and iron release from iron storage sites
(macrophages, hepatocytes) in CKD, reducing the
availability of iron for erythropoiesis and contributing
to the development of anemia.14–16

The hepcidin-induced blockade of iron absorption in
the gut explains the reduced efficacy of oral iron
replacement in patients with CKD, often necessitating
iron repletion therapies that bypass the gastrointestinal
tract in patients with CKD. This has also led to interest
in developing novel therapies that target factors stim-
ulating hepcidin secretion and/or ferroportin, the topic
of which is covered in several excellent reviews and
other reports.17–21 In addition, new hypoxia-inducible
factor 1a prolyl hydroxylase inhibitors may target this
pathway by reducing hepcidin concentrations, result-
ing in improved gastrointestinal iron absorption and
reduced sequestration of iron in reticuloendothelial
stores, both of which enhance iron availability for
erythropoiesis.22
Table 2. Major intravenous iron formulations available29,30

Formulation Dosage Frequency

Iron sucrose 200 mg 5 doses over 2 weeks

Ferumoxytol 510 mg 2 doses, 3-8 days apart

Ferric gluconate in sucrose complex 250 mg 4 doses weekly

Ferric carboxymaltose 750 mg 2 doses, 1 week apart

Iron isomaltoside 1000 mg 1 dose

Iron dextran (low molecular weight) 500 to 1000 mg Variable
Oral Iron Formulations

Multiple oral supplements are available for the treat-
ment of iron deficiency. Many multivitamins contain
iron, typically providing ~18 mg of elemental iron per
unit dose. Iron-only supplements usually consist of
ferrous salts. The one most commonly used in patients
with CKD patients is ferrous sulfate,23 which contains
20% elemental iron per tablet. Other ferrous salts
include ferrous gluconate (12% elemental iron), ferrous
fumarate (33% elemental iron), ferrous succinate (35%
elemental iron), and iron polymaltose (28% elemental
iron).24 Table 124–26 summarizes dosage forms and
approximate elemental iron content of the main oral
iron products available on the market. Oral iron sup-
plements frequently cause gastrointestinal adverse ef-
fects in 35% to 60% of patients,27,28 particularly with
administration of $ 45 mg elemental iron per day,
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limiting the ability to replete iron using high doses of
oral formulations alone.

In addition to ferrous salts, there are several ferric
salt formulations for oral iron supplementation. The
best studied to date is ferric citrate, which is the only
oral iron supplement that is approved by the United
States Food and Drug Administration for the treatment
of iron deficiency anemia in individuals with CKD.
Ferric citrate provides ~210 mg of elemental iron per
1000-mg tablet. Other ferric salts include ferric maltol,
which consists of a complex of ferric iron with maltol
in a 3:1 ratio providing 30 mg of elemental iron with
each capsule,25 and sucrosomial iron, in which ferric
polyphosphate is enveloped by a phospholipid bilayer
with a sucrester matrix that promotes gastrointestinal
absorption.25 One potential advantage of sucrosomial
iron is that it does not require a prescription. Ferric
maltol is approved for the treatment of iron deficiency
anemia in individuals with inflammatory bowel
disease and has been studied in individuals with
CKD not requiring kidney replacement therapy
(NCT02968368).25

I.V. Iron Formulations

As discussed above, chronically elevated circulating
concentrations of hepcidin limit gastrointestinal ab-
sorption of iron, hampering the efficacy of oral iron
supplements in patients with CKD. Because of this, i.v.
iron infusion is a mainstay in the treatment of iron
deficiency in CKD, particularly in individuals with
kidney failure needing replacement therapy, who
almost exclusively receive i.v. iron.

Several i.v. formulations are in use (Table 2),29,30 all
of which consist of colloids made up of elemental iron
surrounded by a carbohydrate shell.31 The carbohy-
drate shell slows the release of iron after uptake by the
reticuloendothelial system, thus reducing the occur-
rence of severe toxic reactions related to the immediate
release of bioactive free iron.29,31,32 For the most part,
the efficacy of the formulations does not seem to
appreciably differ; instead, cost, number of doses
required, and adverse effect profile are often the most
important factors that dictate when one product is used
over another. For example, iron formulations that
require only 1 (iron isomaltoside) or 2 infusions that
2263



Table 3. Treatment targets for therapy

Variable
Nondialysis-dependent chronic

kidney disease End-stage kidney disease

Iron deficiency
unconditionala

TSAT # 20% and/or serum
ferritin # 100 ng/ml

TSAT # 20% and/or serum
ferritin # 200 ng/ml

Iron deficiency
conditionalb

TSAT # 30% and/or serum
ferritin # 500 ng/ml

TSAT # 30% and/or serum
ferritin # 500 ng/ml

aThreshold for therapy in iron deficiency anemia under any circumstance.
bThreshold for therapy in individuals with iron deficiency anemia who are not receiving
iron therapy or who require erythropoiesis-stimulating agents if the goal is to raise
hemoglobin, reduce the dose of the erythropoiesis-stimulating agent, or reduce the
need for blood transfusions.
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can be administered over a relatively short period of
time (e.g., ferumoyxtol or ferric carboxymaltose) may
be particularly convenient in the management of iron
deficiency in individuals with non–dialysis-dependent
CKD. As another example, infusion of ferric carbox-
ymaltose can cause acute and sometimes severe hypo-
phosphatemia through a mechanism that involves
stimulation of fibroblast growth factor 23 (FGF23),33

potentially limiting its efficacy in situations in which
long-term infusions are required.

In addition to i.v. infusion of iron, iron supple-
mentation of the bicarbonate component of the dialy-
sate fluid (ferric pyrophosphate citrate) has emerged a
novel approach to deliver iron in individuals receiving
kidney replacement therapy.34 Although approved by
the Food and Drug Administration in 2015, use of ferric
pyrophosphate citrate remains fairly limited.

Iron Replacement in Patients With CKD Not

Requiring Kidney Replacement Therapy

Current Kidney Disease Improving Global Outcomes
(KDIGO) clinical practice guidelines recommend
checking for iron deficiency in individuals with CKD
who have anemia.35 Because of the impractical nature
of obtaining bone marrow iron stores as the gold
standard for assessing iron status, transferrin saturation
and ferritin remain the major laboratory tests used to
diagnose iron deficiency. The thresholds for defining
iron sufficiency in patients with CKD not requiring
kidney replacement therapy are controversial and not
backed by robust clinical trial data (Table 3).

There is general agreement that the criteria for ab-
solute iron deficiency anemia in CKD prompting treat-
ment in any circumstance should include a transferrin
saturation # 20% and a serum ferritin concentration#
100 ng/ml.5 In individuals with anemia not on iron
therapy or who require erythropoiesis-stimulating
agents, KDIGO guidelines suggest a transferrin
saturation # 30% and serum ferritin # 500 ng/ml as
triggers for administering iron if the goal is to raise
hemoglobin, reduce the delivered dose of
erythropoiesis-stimulating agents, or reduce the need
for blood transfusions. This is generally in line with
2264
other major society recommendations, although some
have endorsed a higher ferritin ceiling of 800 ng/ml.36–38

This is partly due to the recognition that functional
iron deficiency—in which total body iron stores are
not depleted but instead sequestered in the reticulo-
endothelial system, blocking participation in erythro-
poiesis—is characterized by transferrin saturation #
20% but elevated ferritin concentrations up to 800 ng/
ml that may still be responsive to iron
supplementation.

The choice of whether to use oral or i.v. iron for
treatment of iron deficiency is usually a prudential one,
individualized to the unique circumstances of each
patient. Oral iron remains the most common first option
because it is readily available without a prescription,
inexpensive, and avoids the need for i.v. access, which
can injure blood vessels that may be needed for
vascular access.39

As mentioned above, ferrous sulfate is the most
common formulation in use in clinical practice.
Although often assumed to be ineffective because of
diminished gut iron absorption, data from several large
randomized controlled trials suggest that treatment
with ferrous sulfate increases circulating iron stores
and hemoglobin in patients with CKD not requiring
dialysis. In an international clinical trial of 626 patients
with CKD not requiring dialysis randomized to ferric
carboxymaltose targeting a higher or lower ferritin
concentration or oral ferrous sulfate (100 mg by mouth
twice a day) for 52 weeks, participants who received
ferrous sulfate (n ¼ 308) had significant increases in
hemoglobin (1.0 [SE, 0.1] g/dl), ferritin (137 [SE, 8] mg/l)
and transferrin saturation (14% [SE, 1%]) after 12
months of therapy.40 Similarly, in a study of patients
with stage 3 or 4 CKD with iron deficiency anemia
randomized to oral ferrous sulfate (325 mg by mouth, 3
times daily) or iron sucrose for 8 weeks, participants
who received ferrous sulfate had a significant increase
in hemoglobin (0.61 g/dl) and transferrin saturation
(0.03), but not ferritin, at 3 months.41 Thus, depending
on the goal of therapy, the use of ferrous sulfate to treat
iron deficiency may be sufficient if the gastrointestinal
adverse effects are tolerable and the choice is consistent
with other aspects of shared decision making, such as a
convenience of administration.

More recently, oral ferric citrate has been found to
be very effective in increasing both hemoglobin and
iron indexes in individuals with CKD not requiring
dialysis.42,43 A phase 3 double-blind clinical trial ran-
domized individuals with an estimated glomerular
filtration rate < 60 ml/min per 1.73 m2 not receiving
kidney replacement therapy and iron deficiency
(transferrin saturation # 25% and ferritin # 200 ng/
ml) to receive ferric citrate (1 g by mouth, 3 times daily;
Kidney International Reports (2021) 6, 2261–2269
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n ¼ 117) or matching placebo (n ¼ 115) for 16 weeks,
with titration at weeks 4, 8, and 12 by an additional 3
tablets per day to achieve an increase in hemoglobin of
> 1 g/dl above baseline.43 Participants randomized to
ferric citrate were significantly more likely to achieve
the primary end point of a $ 1 g/dL increase from
baseline than those randomized to placebo (52% vs.
19%, P < 0.001). Similarly, the mean change in he-
moglobin, transferrin saturation, and ferritin over 16
weeks was significantly greater in those randomized to
ferric citrate vs. placebo.

In a subsequent randomized clinical trial comparing
the efficacy of ferric citrate vs. ferrous sulfate in in-
dividuals with stage 3 and 4 CKD over 12 weeks, as
compared with participants randomized to ferrous
sulfate (325 mg by mouth, 3 times daily, n ¼ 30),
participants randomized to a fixed dose of ferric citrate
(2 g by mouth, 3 times daily, n ¼ 30) had a greater
mean increase in transferrin saturation (between-group
difference in mean change, 8%; 95% CI, 1%–15%;
P ¼ 0.02) and ferritin (between-group difference in
mean change, 37 ng/ml; 95% CI, 10–64 ng/ml; P ¼
0.009).44 Further, hemoglobin significantly increased
after 12 weeks in those who received ferric citrate (0.3
g/dl; 95% CI, 0.1–0.5 g/dl) but not those who received
ferrous sulfate (0.3 g/dl; 95% CI, �0.1 to 0.2 g/dl).
Importantly, there were no significant differences in
the frequency and severity of adverse effects by study
arm.

In aggregate, these studies suggest that ferric citrate
is effective in treating iron deficiency anemia in pa-
tients with CKD not requiring dialysis and may also be
more efficacious than the current standard of care
(ferrous sulfate). Whether this efficacy translates to
meaningful clinical or patient-focused outcomes, such
as death, cardiovascular disease, or quality of life, has
yet to be adequately tested in a randomized controlled
trial. Nonetheless, a trial of 203 patients with advanced
CKD (estimated glomerular filtration rate # 20 ml/min
per 1.73 m2) randomized to a fixed dose of ferric citrate
(1 g, 3 times daily) versus usual care for 9 months
showed that those who received ferric citrate had fewer
annualized hospital admissions and lower incidence of
the composite end point of death, dialysis, or trans-
plantation (all exploratory end points).45 These data
provide provocative evidence that treatment with iron
improves outcomes in advanced CKD irrespective of the
presence or absence of anemia, a hypothesis that will
need to be formally tested in an adequately powered
study.

I.V. iron administration is another option for iron-
deficient patients with CKD not requiring dialysis
who are unable to tolerate oral therapies or for whom
oral therapies are not effective. Numerous studies have
Kidney International Reports (2021) 6, 2261–2269
shown that i.v. iron is effective in increasing hemo-
globin and iron stores in these patients.46 Moreover,
the plurality of studies have shown that i.v. iron is
more effective in treating iron deficiency anemia than
oral therapies (consisting mostly of ferrous sulfate).46,47

The magnitude of the advantage is most pronounced
for ferritin, with an end-of-study mean difference
comparing i.v. iron to oral iron of 213 ng/ml (95% CI,
124–303 ng/ml) and transferrin saturation (mean dif-
ference, 5%; 95% CI, 3%–8%), and more modest with
respect to the hemoglobin response (mean difference,
0.41 g/dl; 95% CI, 0.28–0.55 g/dl).47 This advantage in
efficacy was somewhat counterbalanced by a 3.5-fold
higher relative risk of allergic reactions or hypoten-
sion in those receiving i.v. iron versus oral iron,
although i.v. iron was also associated with a better
gastrointestinal adverse effect profile compared with
oral iron (relative risk, 0.47; 95% CI, 0.33–0.66).47

Differences in the safety profile of oral versus i.v.
iron therapies with respect to infection, oxidative
stress, cardiovascular disease, kidney function decline,
and iron overload have been inconsistent, with the
bulk of evidence showing no major differences.

In summary, oral and i.v. iron formulations are both
safe and effective in treating iron deficiency in patients
with CKD not yet requiring kidney replacement ther-
apy. The choice of which one to start with is often
dictated by goals of therapy, response to prior therapy,
concomitant use of erythropoiesis-stimulating agents,
patient preference, and other practical considerations,
such as ease of access to an infusion center. In addition,
there is some evidence that administration of oral iron
every other day instead of daily may enhance iron
absorption by reducing the stimulatory effect of daily
oral iron on hepcidin secretion.48 As such, it is possible
that alternative-day dosing strategies may help enhance
the utility of oral iron in patients with CKD given their
constitutively elevated hepcidin concentrations.
Nonetheless, no clinical trials to date have studied this
in CKD patients, and so whether this strategy can
improve the efficacy or oral iron in CKD not requiring
dialysis is entirely unclear.

Iron Replacement in Patients With CKD

Requiring Hemodialysis

Current thresholds for treatment of iron deficiency in
patients with CKD requiring kidney replacement
therapy are similar to those who are not dependent on
dialysis (Table 3). However, there is more controversy
about the upper ceiling of ferritin that should prompt
withholding or discontinuing iron replacement, with
some advocating iron supplementation even when
ferritin concentrations are > 800 ng/ml.49 There is not
much debate about whether to use oral or i.v. iron in
2265
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patients with CKD requiring kidney replacement
therapy given the plethora of data showing the far
superiority of i.v. iron formulations over oral iron for
treating iron deficiency anemia and the ease of
administration of iron using the existing vascular ac-
cess in those receiving hemodialysis.46,50 Instead, the
relevant clinical questions are the frequency and
amount of iron to deliver to these patients. Although
studied in multiple clinical trials, several trials have
been most influential in addressing this question in
clinical practice.

The Dialysis Patients’ Response to IV Iron with
Elevated Ferritin (DRIVE) Study randomized patients
with anemia who were receiving hemodialysis and had
a serum ferritin between 500 and 1200 ng/ml and
transferrin saturation # 25% to receive 1 g of ferric
gluconate or no iron for 6 weeks.51 Participants ran-
domized to receiving ferric gluconate had a higher
increase in iron parameters and hemoglobin without
any major differences in adverse events compared with
participants randomized to no iron. This study chal-
lenged the notion that an upper ferritin threshold of
800 ng/ml should be adopted when deciding to restrict
i.v. iron administration in patients receiving hemodi-
alysis. A follow-up study by the same group (DRIVE II)
showed that participants from the original DRIVE
study who received ferric gluconate and were moni-
tored for an additional 6 weeks after the intervention
maintained higher hemoglobin and ferritin concentra-
tions, required significantly less epoetin dosage, and
experienced fewer serious adverse events than the
control group.52

More recently, the Proactive IV Iron Therapy in
Haemodialysis Patients (PIVOTAL) trial randomized
2141 patients receiving maintenance hemodialysis to
receive iron sucrose in a proactive approach (400 mg
monthly, unless the ferritin was > 700 ng/ml or
transferrin saturation was $ 40%) or a reactive
approach (administration of iron sucrose only when
ferritin was < 200 ng/ml or transferrin saturation
was < 20%).53 Importantly, unlike prior studies, the
trial was specifically powered to detect a difference in
the composite outcome of nonfatal myocardial infarc-
tion, nonfatal stroke, hospitalization for heart failure,
or death. After a median of 2.1 years of follow-up,
participants randomized to the proactive approach
had higher serum ferritin and transferrin concentra-
tions, more rapid increases in hemoglobin from baseline
despite lower cumulative doses of erythropoiesis-
stimulating agents, and lower risk of the primary
composite outcome (hazard ratio, 0.85; 95% CI, 0.73–
1.00; P ¼ 0.04 for superiority) without any major dif-
ferences in the adverse effect profile. In the aggregate,
these data support using a higher safety threshold for
2266
ferritin to restrict further i.v. iron infusion in hemo-
dialysis patients if the goal is to improve anemia and
hard clinical outcomes. However, what the upper
bound of ferritin should be for safety remains unclear.

As mentioned above, iron replacement via the dial-
ysate fluid is another option for treating iron deficiency
in individuals receiving hemodialysis. Results from 2
pivotal phase III clinical trials in individuals on main-
tenance hemodialysis showed that use of ferric pyro-
phosphate citrate was more effective in increasing
hemoglobin compared with placebo, without any dif-
ferences in side effect profile.54,55
Iron Replacement in CKD Patients: Other

Scenarios

The literature with respect to iron therapy in those
receiving peritoneal dialysis is less abundant but
generally supports the notion that i.v. iron is more
effective in increasing hemoglobin than oral iron in
adults on maintenance peritoneal dialysis.56–62 Given
that vascular access is not readily available in patients
on peritoneal dialysis, newer oral agents, such as ferric
citrate, may provide a more convenient method for
treating iron deficiency anemia in these patients.63,64

The optimal approach to treating iron deficiency is
also not well established in individuals after kidney
transplant, with a few studies demonstrating that i.v.
infusions are effective in increasing iron stores and
raising hemoglobin and are reasonably well tolerated
by stable kidney transplant recipients.65–67

I.V. iron supplementation has been shown to
improve clinical outcomes in individuals with moder-
ate to severe heart failure accompanied by reduced
ejection fraction.68 The reasons for this are not clear,
because the benefits of iron supplementation are inde-
pendent of any concomitant rise in hemoglobin, sug-
gesting that iron replacement alone may be important
for enhancing cardiac structure and function, perhaps
by improving mitochondrial dysfunction.68 Given the
common coexistence of heart failure and CKD (often
referred to as cardiorenal syndrome), it is reasonable to
speculate that iron therapy may also improve outcomes
in individuals with CKD and heart failure. Although no
clinical trials have formally tested this hypothesis, a
prior study of individuals with CKD receiving ferric
citrate for treatment of iron deficiency anemia showed
that ferric citrate was just as effective in improving
iron stores and hemoglobin in patients with heart
failure as those without heart failure.69 These data
support the use of i.v. iron infusions or ferric citrate in
a clinical trial testing the efficacy of iron repletion in
improving clinical outcomes in individuals with CKD
and heart failure.
Kidney International Reports (2021) 6, 2261–2269
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Iron Repletion and Adverse Events

Among the most controversial aspects of iron therapy
in CKD is the question of whether i.v. iron supple-
mentation results in adverse events that potentially
outweigh any benefits from raising hemoglobin. This is
partly related to adverse reactions to high-molecular-
weight iron dextran—one of the first i.v. iron prepa-
rations available in clinical practice—characterized by
anaphylactoid reactions, including respiratory arrest in
its most severe form.31 Although relatively rare, the
potential for severe hypersensitivity reactions resulted
in a black box warning and the requirement of a test
dose to ensure safety.

With the introduction of safer i.v. iron preparations,
iron dextran has largely been supplanted by second-
and third-generation iron products. Nonetheless, less
severe hypersensitivity reactions, such as dizziness and
hypotension, can still occur with current iron agents,
and there remains real concern that the release of free
iron with i.v. infusion may cause tissue damage via
oxidative stress or increase susceptibility to infec-
tion.31,70,71 Studies have both supported and refuted
these concerns, with the balance of evidence suggest-
ing that exposure to i.v. iron does not result in any
greater risk of severe adverse reactions compared with
oral iron or placebo.70

Summary

Iron deficiency is common in individuals with CKD and
plays a critical role in the development of anemia. The
constitutively elevated circulating concentration of
hepcidin makes treatment of iron deficiency with oral
agents challenging in patients with CKD who do not
require kidney replacement therapy and virtually
impossible in individuals who require kidney
replacement therapy, making i.v. iron an essential tool
in the management of iron deficiency anemia. Newer
oral agents, such as ferric citrate, provide some promise
that treatment of iron deficiency with oral agents alone
may be more tenable. Recent data suggesting that more
aggressive treatment of iron deficiency in hemodialysis
patients redounds to their benefit with respect to hard
clinical outcomes should prompt further clinical trials
investigating whether treatment of iron deficiency
should be a key goal in all individuals with kidney
disease whether or not they have anemia or require
kidney replacement therapy.
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