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Summary
Iron deficiency is a prevalent and clinically relevant comor-
bidity in up to 50% of patients with chronic heart failure
(CHF). Iron deficiency in CHF patients is associated with
impaired quality of life, reduced exercise capacity and in-
creased mortality, irrespective of the presence of anaemia.
It is diagnosed by determining circulating ferritin levels
and transferrin saturation. Three randomised trials (CON-
FIRM-HF, FAIR-HF, and EFFECT-HF) of intravenous ferric
carboxymaltose in the treatment of iron deficiency in CHF
patients with reduced left ventricular ejection fraction
demonstrated improvement of symptoms, functional ca-
pacity and quality of life. These beneficial effects were in-
dependent of the presence of anaemia. In addition, CON-
FIRM-HF and subsequent meta-analyses indicated that
treatment of iron deficiency may reduce the rate of hos-
pitalisations for worsening CHF. Oral iron is available at
lower cost than intravenous iron, but its use did not trans-
late into beneficial effects in CHF patients with iron defi-
ciency. Large randomised trials designed to assess long-
term clinical outcomes of iron treatment in CHF patients
are pending. Current guidelines advise establishing evi-
dence-based pharmacological and device therapy to im-
prove symptoms and prognosis in patients with CHF. In
addition, screening for iron deficiency is recommended.
Intravenous ferric carboxymaltose should be considered
for treating iron deficiency in ambulatory symptomatic pa-
tients with reduced left ventricular ejection fraction in order
to alleviate heart failure symptoms, and to improve exer-
cise capacity and quality of life.
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Iron deficiency in chronic heart failure

Chronic heart failure (CHF) affects 1 to 2% of the adult
population, with the prevalence among the elderly being
greater than 10% [1]. CHF results in high morbidity and
mortality despite optimal therapy [2–4]. Comorbidities
have an important effect on symptoms, disease progression
and prognosis in CHF [2, 5]. A critical comorbidity in

CHF is iron deficiency, which affects up to 50% of patients
[6]. Iron deficiency is associated with impaired quality of
life, reduced exercise capacity and increased mortality, ir-
respective of the presence of anaemia [6–12]. It can be
caused by insufficient dietary iron intake, poor intestinal
iron absorption, iron loss due to gastrointestinal bleeding
(often aggravated by concomitant pharmacotherapy such
as nonsteroidal anti-inflammatory drugs and anticoagu-
lants), uraemia, chronic inflammation and repeated
venepunctures [13]. Iron deficiency is associated with re-
duced oxygen transport and utilisation in skeletal muscles.
Furthermore, it is associated with activation of the sympa-
thetic nervous system [14], and left ventricular hypertro-
phy and dilatation [15]. Indeed, reduced myocardial iron
content was found in patients with CHF and severely re-
duced left ventricular ejection fraction (LVEF, 23±10%)
[16], suggesting that myocardial iron depletion may play a
role in the pathophysiology of the failing heart. The preva-
lence of iron deficiency is higher in advanced stages of
CHF, and also in women and in patients with high levels
of inflammatory markers (such as C-reactive protein, CRP)
[17].

Iron metabolism

The normal body content of iron is about 35 to 45 mg
per kilogram bodyweight in adult men, with approximately
75% bound to haemoglobin [18, 19]. Additional iron is
present in myoglobin, several enzymes (e.g., cytochromes,
peroxidase, catalase) and bound to its transport protein
transferrin [20, 21]. Storage iron in adults is found mostly
in ferritin or haemosiderin in hepatocytes and the mono-
cyte-macrophage system in the liver, spleen, and bone mar-
row (fig. 1). Women have less storage iron, mainly due to
regular menstrual iron loss. Iron is not only responsible for
oxygen transport when bound to haemoglobin and myo-
globin, but also for biochemical processes such as oxida-
tive phosphorylation, cellular respiration and DNA syn-
thesis [22]. Mitochondria are the key sites of cellular iron
processing. They require iron in the catalysis of enzymatic
reactions to generate energy stored in adenosine triphos-
phate, especially in cells with high energy demand such as
cardiomyocytes and skeletal myocytes [20, 21, 23]. Nor-
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mal loss of iron, at an estimated average of 1 to 2 mg
per day, results from sloughed intestinal mucosal cells and
bleeding. Iron is replaced by dietary intake. Around 10 to
15% of dietary iron is absorbed via specific transport sys-
tems expressed mainly in duodenal enterocytes [24–28].
Hepcidin, a peptide hormone synthesised in the liver, plays
a major role in the regulation of iron metabolism by re-
ducing iron release from enterocytes, hepatocytes and
macrophages through inhibition of the specific transmem-
brane receptor (ferroprotein) [29–34]. Hepcidin synthesis
is induced by proinflammatory cytokines such as inter-
leukins 1 and 6, resulting in the reduced iron availability
seen with chronic inflammation. Similarly, early stages of
CHF are characterised by increased levels of circulating
hepcidin. However, progressive CHF is associated with
low circulating hepcidin levels [35], which are indepen-
dently related to an unfavourable outcome. Thus, the
pathophysiological mechanisms of iron deficiency in CHF
appear to be different from those in chronic inflammatory
diseases, but remain incompletely understood [35]. In that
regard, a recent study has shown that messenger RNA
(mRNA)-binding iron-regulatory proteins are responsible
for intracellular iron availability by binding to specific
noncoding sequences within an mRNA, known as iron-
responsive elements. Activity of iron-regulatory proteins
was significantly reduced in patients with advanced CHF
and reduced iron content in the left ventricle [36].

Definition of iron deficiency in patients with
chronic heart failure

Absolute iron deficiency in CHF results from depleted iron
stores caused by impaired dietary iron intake, reduced gas-
trointestinal absorption or chronic gastrointestinal bleeding
[37–40]. Serum ferritin is a good indicator for total iron
stores [22]. Ferritin levels below 30 μg/l are highly sugges-
tive of absolute iron deficiency [41]. Nevertheless, assess-
ment based on ferritin alone may underestimate the preva-
lence of iron deficiency, since up to 73% of patients with
advanced CHF have iron deficiency detected in bone mar-
row aspirates, despite predominantly normal ferritin lev-
els (17–390 μg/l) [42]. This condition has been referred to
as functional iron deficiency, which is characterised by an
iron supply inadequate to maintain normal cellular func-
tions [43–45] and frequently occurs in chronic inflammato-
ry diseases associated with high ferritin levels regardless of
body iron stores [13]. In contrast to other clinical settings,
iron deficiency in CHF patients has therefore been diag-
nosed using higher cut-off levels for circulating ferritin and
additional determination of transferrin saturation (TSAT)
in clinical trials (table 1) [43]. Nonetheless, definition of
iron deficiency in CHF patients remains challenging. Mea-
surements of reticulocyte haemoglobin, hepcidin and solu-
ble transferrin receptor (sTfR) have been proposed as more
sensitive indicators to assess iron status and response to
therapy. Particularly, the combination of ferritin and sTfR
(transferrin receptor-ferritin index) may be the most accu-
rate method to evaluate iron deficiency noninvasively, but
has not yet been routinely used in clinical settings.

Evidence for iron substitution in chronic heart
failure

Intravenous iron
Iron substitution has been studied in CHF patients with
functional and absolute iron deficiency. One of the first
studies on the effects of intravenous iron substitution in
CHF patients was published in 2006. In this open-label,
noncomparative study, intravenous iron sucrose was ad-
ministered for 5 to 17 days to anaemic CHF patients. This
treatment improved symptoms and exercise capacity at
3-month follow-up [46]. Subsequently, these results were
confirmed by a double-blind, randomised, placebo-con-
trolled study including 40 patients with anaemia and symp-
tomatic CHF, in which intravenous iron sucrose not only
improved functional status, exercise capacity and quality
of life, but also had beneficial effects on LVEF, plasma N-
terminal pro-brain-type natriuretic peptide (NT-proBNP)
and CRP levels, and hospitalisation rate [47]. Similarly,

Figure 1: Intake, distribution and loss of iron in adults.From: An-
drews NC. Disorders of iron metabolism. N Engl J Med.
1999;341:1986–95 [18]. Copyright © (1999) Massachusetts Med-
ical Society. Reprinted with permission from the Massachusetts
Medical Society.

Table 1: Diagnosis of absolute and functional iron deficiency in chronic
heart failure.

Absolute iron deficien-
cy

Ferritin <100 μg/l

Functional iron defi-
ciency

Ferritin 100–300 μg/l and TSAT <20%

TSAT = transferrin saturation
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in the observer-blinded iron sucrose in heart failure (FER-
RIC-HF) trial, 35 patients were given intravenous iron su-
crose for 16 weeks with improvement of iron status, symp-
toms and exercise capacity quantified by peak oxygen con-
sumption [48]. Interestingly, an increase in peak oxygen
consumption did not correlate with changes in haemoglo-
bin levels but was associated with increased TSAT, com-
patible with improved circulating iron status. Salutary ef-
fects in FERRIC-HF were also observed in patients with
functional iron deficiency.
The Ferinject Assessment in patients with IRon deficiency
and chronic Heart Failure (FAIR-HF) study, the first ran-
domised, double-blind, placebo-controlled multicentre tri-
al, included 459 patients with reduced LVEF and New
York Heart Association (NYHA) class II to III symptoms.
Haemoglobin levels were between 9.5 and 13.5 g/dl, and
iron deficiency was diagnosed when serum ferritin level
was <100 μg/l, or when TSAT was <20% if serum ferritin
was <300 μg/l [49]. Ferric carboxymaltose was initially
given intravenously at a dose of 200 mg weekly until cor-
rection of the iron deficit. This was followed by a mainte-
nance period, during which patients received 200 mg ferric
carboxymaltose monthly, depending on the iron parame-
ters. Treatment with intravenous ferric carboxymaltose im-
proved symptoms, functional capacity and quality of life
at week 24. Importantly, these beneficial effects were inde-
pendent of the presence of anaemia. There was no signif-
icant difference in mortality or hospitalisations for cardio-
vascular events over 6 months. Publication of these results
in 2009 led to a first weak recommendation concerning
treatment of iron deficiency in the 2012 ESC heart failure
guidelines [50].
Additional evidence relating to the management of iron
deficiency in CHF patients with reduced ejection fraction
was generated in 2014 by the ferric CarboxymaltOse eval-
uatioN on perFormance in patients with IRon deficiency
in coMbination with chronic Heart Failure (CONFIRM-
HF) trial, which had an extended observation period of
12 months [51, 52]. In CONFIRM-HF, 304 ambulatory
symptomatic CHF patients with iron deficiency, an LVEF
≤45% and haemoglobin levels <15 g/dl were enrolled and
randomly assigned to ferric carboxymaltose or placebo. A
simplified dosing regimen based on the patients’ haemo-
globin levels and bodyweight was used. During the cor-
rection phase within the first 6 weeks, iron was admin-
istered as bolus injections equivalent to 500 or 1000 mg
iron up to a total of 500 to 2000 mg. In the maintenance
phase, an additional dose of 500 mg of iron was given at
weeks 12, 24 and 36 if ferritin and TSAT levels indicated
persistent iron deficiency. As the objective primary end-
point, 6-minute walking test distance improved significant-
ly in the iron treatment group, irrespective of the presence
of anaemia. This effect was maintained until the end of
the study (week 52). Importantly, the rate of hospitalisation
due to worsening heart failure was reduced with iron treat-
ment and optimised medical therapy. Additional secondary
endpoints including changes in functional NYHA class, fa-
tigue and health-related quality of life were also superior
in the iron treatment group. The results of CONFIRM-HF
added clinically relevant information to existing data, in-
cluding selection of a more objective primary endpoint (the
6-minute walking test) compared with FAIR-HF. Further-
more, the positive effect of iron treatment was maintained

for an extended period of time. The use of high single iron
doses (up to 1000 mg as a bolus) was proven to be safe, of-
fering a more clinically applicable method of therapy.
Most recently, results of the EFfect of Ferric carboxymal-
tose on Exercise Capacity in PaTients with iron deficien-
cy and chronic Heart Failure (EFFECT-HF) trial have been
presented. In this study, the effect of three intravenous in-
jections of ferric carboxymaltose (day 0, week 6, and week
12) was compared with usual care in 172 patients with re-
duced LVEF, NYHA class II and III symptoms and iron
deficiency [53, 54]. Up to week 24, treatment with fer-
ric carboxymaltose stabilised exercise capacity measured
as peak oxygen consumption, which declined in patients
who received standard care irrespective of the presence of
anaemia. These findings confirmed and extended the re-
sults of previous studies demonstrating salutary effects of
improved body iron stores on functional capacity in CHF
patients.
Two meta-analyses have evaluated the effect of intra-
venous iron substitution on clinical outcomes in CHF pa-
tients [55, 56]. Of note, although five clinical studies were
included in each meta-analysis, most data were derived
from the CONFIRM-HF and FAIR-HF trials. Both analy-
ses suggested that intravenous iron therapy reduces the rate
of hospitalisations for CHF, but there was no significant
difference in all-cause mortality. However, these studies
have limited power to detect a difference in mortality as a
result of the short duration of follow-up. Thus, larger tri-
als with a longer duration of follow-up are needed to deter-
mine the impact of iron therapy on clinical outcomes and
mortality. Additional trials such as FAIR-HFpEF, which
evaluates the effect of intravenous ferric carboxymaltose in
patients with CHF and preserved left ventricular ejection
fraction, are currently underway [57]. Furthermore, the
FAIR-HF2 trial is designed to investigate the effect of fer-
ric carboxymaltose on clinical endpoints in CHF patients
with reduced ejection fraction [58].

Side effects of intravenous iron treatment
Regarding the treatment of iron deficiency in CHF pa-
tients, most experience relates to the use of ferric carboxy-
maltose and iron sucrose, which are generally well tolerat-
ed. In the two major trials (FAIR-HF and CONFIRM-HF),
no severe allergic reactions after intravenous ferric car-
boxymaltose administration were noted [49, 51], and on-
ly few injections of ferric carboxymaltose were required
for correction of the iron status (e.g., >75% of patients
received no more than two injections in CONFIRM-HF).
Because of serious side effects, including life-threatening
anaphylactic reactions, high molecular-weight iron dextran
has been largely taken from the market. However, allergic
reactions have been reported with all intravenous prepa-
rations, indicating that patients should be observed during
and for 30 minutes after intravenous iron application. The
patient must be informed about possible nonallergic reac-
tions, including self-limiting urticaria, palpitations, dizzi-
ness, and neck and back spasms, which occur in <1% of in-
dividuals [59]. Although less frequent than with oral iron,
gastrointestinal side effects of intravenous iron treatment
have also been reported [51]. In addition, correct place-
ment of the intravenous line is crucial to avoid paravenous
injections leading to longstanding skin coloration (tattoo-
ing) at the injection site.
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Intravenous iron complexes are colloids consisting of iron-
carbohydrate nanoparticles [60]. In animal studies, in-
creased levels of markers for oxidative stress and inflam-
mation have been observed with the use of certain iron
preparations causing renal and hepatic damage, as well as
hypotension [61–64]. Iron sucrose and ferric carboxymal-
tose were less prone to induce oxidative stress, but clini-
cal data are limited. Two studies reported a transient (1–2
hours) increase of oxidative stress markers in patients on
haemodialysis, accompanied by a short-time increase in
lipid peroxidation after administration of iron sucrose [65,
66]. Interpretation of such data is complex because chronic
haemodialysis itself induces oxidative stress, inflammation
and endothelial dysfunction. Iron polymaltose and sucrose
have been associated with temporary hypophosphataemia,
and there are case reports of osteomalacia complicating
prolonged use [67–70]. The exact mechanism is unknown,
and phosphate levels have not been assessed in clinical tri-
als on treatment of iron deficiency. Excess iron levels can
also impair neutrophil and T-cell function, leading to an in-
creased risk of microbial growth in haemodialysis patients
[71]. Hence, intravenous iron therapy should be avoided in
patients with active systemic infections. On the other hand,
iron deficiency without adequate substitution may increase
the risk of infections [71]. Taken together, the potential ad-
verse effects mentioned above need to be taken into careful
consideration when evaluating individual CHF patients for
intravenous iron treatment.

Oral iron
Oral iron is usually given as ferrous (Fe[II]) salts, such as
ferrous sulphate, which is widely used and available at a
lower cost than intravenous iron [13]. However, the ab-
sorption of oral iron is reduced in patients with CHF be-
cause of oedema of the gastrointestinal mucosa and low-
er intestinal blood flow, and compliance is usually poor
because of frequent gastrointestinal side effects [13]. The
median required dose of iron to achieve iron repletion in
iron deficiency patients with CHF is 1000 mg, and thus re-
plenishment of iron stores with oral iron will require treat-
ment for >6 months [13, 72]. In the placebo-controlled oral
Iron Repletion effects on Oxygen UpTake in Heart Failure
(IRONOUT) trial, the effects of treatment with oral iron
polysaccharide (150 mg twice daily) on exercise capacity
were evaluated in 225 CHF patients with NYHA class II
to IV symptoms and LVEF ≤40% [54, 73]. There was no
difference in the change in peak oxygen consumption after
16 weeks of iron treatment when compared with placebo.
Furthermore, despite oral iron supplementation, body iron
stores (ferritin levels and transferrin saturation) did not in-
crease compared with placebo. This may be explained by
reduced oral iron absorption in patients with CHF and poor
compliance due to gastrointestinal side effects. Together,
these results argue against the use of oral iron supplemen-
tation in CHF patients with reduced LVEF.

Oral versus intravenous iron
Only one small clinical study (IRON-HF) has compared
oral with intravenous iron administration in anaemic pa-
tients with CHF [74]. At 3-month follow-up, there was an
increase in peak oxygen consumption as determined by er-
gospirometry (mean increase, 3.5 ml/kg/min) in the intra-
venous, but not in the oral, iron treatment group. The dif-

ference was considered clinically relevant by the authors,
although with only 18 patients analysed, the result was not
statistically significant.
Since treatment of CHF usually implies the use of a com-
plex medication regimen, a few injections as opposed to
continuous oral iron treatment may be more attractive to
patients, in order to reduce the number of pills taken on
a regular basis. Furthermore, even though ferric carboxy-
maltose is more expensive than oral iron substitution, cost-
effectiveness of intravenous ferric carboxymaltose therapy
could be demonstrated in CHF patients [75], probably as
a result of improved quality of life and fewer hospitalisa-
tions. Therefore, based on the current data, intravenous fer-
ric carboxymaltose should be the preferred way of substi-
tution for the treatment of iron deficiency in CHF patients.

Combination of erythropoiesis-stimulating agents and
iron
In addition to iron treatment, the use of erythropoiesis-
stimulating agents has been evaluated in CHF patients with
anaemia. Initial studies in CHF patients with severe symp-
toms used a combination of erythropoietin and iron su-
crose, which resulted in functional improvement, increases
in LVEF and reduced hospitalisation rates in small study
cohorts [76, 77]. These findings have been confirmed in a
larger study including 179 CHF patients [78]. In addition,
similar results were observed in randomised trials studying
the use of erythropoietin in combination with oral iron and
folate [79], erythropoietin and oral iron [80], or darbopoet-
in alpha and oral iron [81, 82] in CHF patients. The results
of these studies demonstrated a functional improvement
within 3 to 12 months of treatment. Subsequently, two
large randomised clinical trials using darbopoetin alpha in
CHF patients have been performed, the Study of Anaemia
in Heart Failure Trial (STAMINA-HeFT) [83], and the Re-
duction of Events With Darbopoetin Alpha in Heart Failure
(RED-HF) trial [84]. Both studies, which excluded patients
with iron deficiency (defined as TSAT < 15%), demon-
strated no effect on mortality, cardiovascular events and
rate of hospitalisations. In RED-HF, an increased rate of
thromboembolic events and risk of ischaemic stroke was
found in patients receiving darbopoetin alpha. Possible ex-
planations include a high target haemoglobin level (>13
g/dl) and the exclusion of patients with severe anaemia
(haemoglobin <9 g/dl), who may benefit most of treatment
with darbopoetin alpha. However, based on these results,
the use of erythropoiesis-stimulating agents in CHF pa-
tients with anaemia is not recommended [2].

Clinical management of iron deficiency in
chronic heart failure

The 2016 ESC guidelines for the management of CHF rec-
ommend evidence-based CHF therapy to improve symp-
toms and prognosis, including the appropriate use of an-
giotensin converting-enzyme (ACE) inhibitors / an-
giotensin receptor blockers, beta-blockers, mineralocorti-
coid receptor antagonists, sacubitril/valsartan, ivabradine,
and device therapy (implantable cardioverter defibrillators
[ICDs] and cardiac resynchronisation therapy [CRT]) in
all CHF patients with reduced LVEF (class I or class IIa
recommendations) [2]. These therapies have been evalu-
ated in multiple large-scale clinical trials. Although only
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smaller trials on iron therapy are available, the guidelines
also recommend a routine search for iron deficiency by
determining ferritin levels and TSAT in all CHF patients
(class I, level C recommendation). If iron deficiency is di-
agnosed, treatment with intravenous ferric carboxymaltose
in symptomatic, ambulatory CHF patients with reduced
LVEF should be considered (class IIa, level A recommen-
dation) in order to alleviate heart failure symptoms, and
improve exercise capacity and quality of life irrespective
of whether anaemia is present or not. Despite these cur-
rent guideline recommendations, clinical efforts to diag-
nose and treat iron deficiency in CHF patients remain low
in Germany and Switzerland and should be strongly en-
couraged [85].
Even though iron therapy might be useful in early stages
of CHF, the current guidelines do not indicate at which
stage of disease progression the diagnosis and therapy of
iron deficiency should be initiated. The majority of pa-
tients in the FAIR-HF, CONFIRM-HF and EFFECT-HF
trials were already on CHF therapy with ACE inhibitors
/ angiotensin receptor blockers and beta-blockers, but re-
mained in NYHA class II or III. Thus, the combination
of an ACE inhibitor (or an angiotensin receptor blocker
if ACE inhibitors are not tolerated) and a beta-blocker
may be the minimal baseline therapy before iron deficien-
cy should be considered in symptomatic CHF patients with
reduced LVEF. Nevertheless, therapy with mineralocorti-

coid receptor blockers, sacubitril/valsartan, ivabradine, and
devices (ICD and CRT) has to be considered at the same
time.
In our institution, dosing is based on the simplified regi-
men of the CONFIRM-HF study (fig. 2). Of note, there are
no data on the safety of intravenous iron substitution in pa-
tients with CHF and haemoglobin levels >15 g/dl. How-
ever, a comprehensive work-up for potentially treatable or
reversible causes (e.g., gastrointestinal bleeding) of iron
deficiency is crucial if clinically suspected. Furthermore,
effects of treatment that can be expected, as well as poten-
tial adverse events, need to be discussed individually with
each patient.

Conclusions

Iron deficiency is highly prevalent in CHF patients and
is associated – regardless of the presence or absence of
anaemia – with impaired quality of life, reduced exercise
capacity and increased mortality. Intravenous iron substi-
tution improves symptoms, functional capacity and quality
of life, and may reduce the risk of hospitalisation for wors-
ening CHF in stable ambulatory patients with reduced
LVEF. However, large randomised trials designed to assess
long-term clinical outcomes and safety are pending. Cur-
rent guidelines recommend a routine search for iron de-
ficiency in all CHF patients. If iron deficiency is diag-

Figure 2: Clinical management of iron substitution in CHF patients. Dosing regimens are based on the CONFIRM-HF study [43, 44].Adapted
from: Ponikowski P, et al. Beneficial effects of long-term intravenous iron therapy with ferric carboxymaltose in patients with symptomatic heart
failure and iron deficiency. Eur Heart J. 2014;36:657–668 [51], with permission of the European Society of Cardiology.Hb = haemoglobin; ID =
iron deficiency; TSAT = transferrin saturation
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nosed, treatment using intravenous ferric carboxymaltose
in symptomatic, ambulatory CHF patients with reduced
LVEF should be considered in addition to evidence-based
CHF therapy
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