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This editorial refers to ‘Beneficial effects of long-term intra-
venous iron therapy with ferric carboxymaltose in patients
with symptomatic heart failure and iron deficiency’†, by
P. Ponikowski et al., on page 657.

Iron is vital forourhealthas itplaysacrucial role inmanyprocesses in the
body. Due to its ability to accept and donate electrons, iron is a central
part of numerous catalytic enzymes and proteins that are crucial for
DNA synthesis, transport of oxygen, cell respiration, oxidative phos-
phorylation, and many other biochemical pathways. Iron is stored
within ferritin and, although found in all cells of the body, the liver and
the spleen serve as the main sites of ferritin storage. Although ferritin
in the serum comprises only a minor part of total ferritin, it is a good in-
dicator of total body iron. In the absence of a physiological excretion
mechanism, iron homeostasis is regulated by absorption and recycling.
As absorption capacity is limited, loss of iron—often caused by blood
loss—may result quite rapidly in iron deficiency.

In chronic diseases, iron metabolism may be significantly disturbed,
resulting in iron deficiency, either absolute or relative, even in the
absence of blood loss.1 In chronic inflammatory diseases such as
chronic kidney disease, SIRS (systemic inflammatory response syn-
drome), and advanced rheumatic disease, hepcidin, which plays an
important regulatory role by inhibiting iron absorption, may also
play an important role in relative iron deficiency. Augmented gas-
trointestinal loss and reduced availability of utilizable iron from
the reticuloendothelial system may additionally contribute to iron
deficiency.2 Recent observational data suggest that the pathophys-
iological mechanism in heart failure (HF) might be different.3 Still,
the precise mechanism of iron deficiency in chronic diseases and po-
tential differences between them remain to some extent unknown.

In HF, iron deficiency is related to the severity of the disease, is only
partly related to anaemia, and is a poor prognostic sign, independent-
ly of other prognostic factors in both acute and chronic HF.4 In fact,
the prognostic value of iron deficiency may significantly exceed
that of anaemia. This might be explained by the fact that iron defi-
ciency affects not only haemoglobin, but probably, already earlier,
myoglobin. In addition, iron depletion may also take place in the

myocardium of the failing heart.5 Although not tested properly yet,
it is, therefore, tempting to speculate that iron depletion not only is
a marker of advanced HF, but also plays an important pathophysio-
logical role in its progression, in addition to contributing to symptoms
due to reduced oxygen transport and utilization in the peripheral
musculature. A logical step to improve symptoms positively and pos-
sibly also reverse remodelling, therefore, is to supplement iron in
those patients with iron deficiency and HF. Ponikowski et al. now
provide additional evidence that this may indeed result in beneficial
effects for such patients.6

In CONFIRM-HF, the positive results of i.v. iron supplementation
using ferric carboxymaltose (FCM) in HF seen in the FAIR-HF trial7

could indeed be confirmed. In fact, the results were rather consistent
in the two trials regarding basically all outcomes measured, which is
very reassuring. There was an increase in the 6 min walking distance
by 33 m after 6 months compared with placebo,6 which is at least the
extent found for most established therapies in HF.8 This improve-
ment was seen irrespective of the presence of anaemia and the
level of ferritin. Of note, the positive effects were not only seen in
severely symptomatic patients as in FAIR-HF,7 but were seen irre-
spective of New York Heart Association (NYHA) class. Interestingly,
the effects seemed to be larger in patients with diabetes or decreased
kidney function, i.e. conditions in which repletion of iron deficiency
may be particularly beneficial. The study was properly conducted,
including proper blinding, which is not easy for iron application, and
the investigators are to be commended.

CONFIRM-HF is more than just the confirmation of FAIR-HF.7 It
shows that positive effects are not limited to a period of 6 months,
but are sustained at least up to 1 year. More patients with NYHA
class II were included, but patients still did not represent a real-world
population, and were almost exclusively recruited in Eastern Europe.
Importantly, iron was given as a bolus using a simplified dosing
regimen without significant safety issues. This allowed rapid i.v. appli-
cation with longer intervals between applications than in FAIR-HF.
This is very important as it makes the treatment more easily applic-
able in daily practice in the outpatient setting, and will increase
acceptance of i.v. iron therapy significantly.
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The reduction in HF-related hospitalization was substantial6 and
is very promising, particularly as such a reduction is seen not
only in CONFIRM-HF, but also in other trials. When pooling
the four studies using i.v. iron in HF patients with iron deficiency
(i.e. ferritin ,100 ng/mLor100–300 ng/mLand transferrin saturation
,20%),6,7,9,10 a large and significant reduction of HF hospitalization
(Figure 1) is seen. Of note, all studies reached their primary endpoint
and achieved improved symptoms and quality of life.6,7,9,10 Notwith-
standing the above, it must be noted that compared with
CONFIRM-HF, FAIR-HF—being similarly large and with similar
prevalence of ischaemic cardiomyopathy, diabetes, and renal dys-
function—did not show a significant reduction in HF hospitalization
by itself. The latter may relate to shorter follow-up, but also to inclu-
sion of sicker patients, with their HF represented by a lower ejection
fraction and higher prevalence of NYHA class III, respectively. A
pooled analysis might shed more light on this issue.

Is parenteral iron treatment ready to be used for standard therapy
in HF? The answer is: not yet. The increase in the 6 min walking dis-
tance by 33 m can be considered as clinically relevant, particularly
as it is not the first study with such a finding and is additionally sup-
ported by positive results of most other endpoints. Improvement
in 6 min walking distance has been accepted as sufficient to give ther-
apies a class I indication in rare diseases such as pulmonary hyperten-
sion. However, HF is obviously not a rare disease. All treatments that
are recommended with a class I indication for the treatment of
chronicHF with reduced ejection fraction have been proven effective
in large morbidity and mortality trials.11 Importantly, improvement in
the 6 min walking distance has not been proven sufficiently robust for
identification of effective pharmacological interventions.8 Long-term
data particularly on mortality are not yet known and the effects seen
so far on mortality are much less optimistic [pooled risk ratio of 0.82
(95% confidence interval 0.44–1.54)]6,7,9 than the effects on HF hos-
pitalization. Moreover, the latter effect seems too good to be repre-
sentative for a broad HF population.

An additional question that arises is why should a relatively expen-
sive parenteral application be used if a cheap oral form is also avail-
able. One reason is that all studies so far used i.v. iron in HF. In
addition, oral iron is neither suitable nor effective in all patients;
oral iron is poorly absorbed, particularly in patients with chronic dis-
eases such as HF, and is not well tolerated because of adverse gastro-
intestinal effects.12 Moreover, even if effective, it may take several
months until iron stores are restored, whereas very rapid effects

are seen with i.v. iron regarding not only iron stores but also clinical
effects.13 Thus, i.v. iron supplementation may be superior. However,
direct comparisons are scarce. Limited evidence in kidney disease
suggests that i.v. iron is indeed more effective than oral iron.12,14

The evidence in HF is extremely limited. A very small study found im-
provement in VO2max by i.v. iron only, but not by oral iron despite a
similar increase in haemoglobin.15

What recommendation for the use of iron in HF patients with iron
deficiency can then be made at present? Obviously, standard therapy
needs to be established first, based on current guidelines,11 also
considering the underlying causes of HF. In addition, co-morbidities
requiring class I interventions need to be addressed appropriately.
If all treatments positively influencing prognosis are fully established,
but patients still remain symptomatic, additional therapy should be
considered. Given the very positive effects of iron supplementation
on symptoms and quality of life in iron-deficient HF patients, such
therapy is undoubtedly one of the first to be considered. Based on
current knowledge, there is no rationale to try oral iron first, but
rather i.v. FCM should be used in the doses and application used in
CONFIRM-HF. Importantly, levels of ferritin and transferrin satur-
ation must be controlled when following patients, as relapse of iron
deficiency is likely. In less symptomatic HF, there is no reason at
present to employ i.v. iron, and ferritin levels may even be increased
in these patients.3

How should we proceed from this point? The authors state that
‘the study was not designed primarily to address the morbidity/mor-
tality aspect of iron deficiency therapy with FCM, but our results con-
stitute a strong background for such a study to be performed in the
near future’.6 We fully agree with this statement; the sooner the
better! When constructing such a trial, ample consideration should
be given to long-term effects as well as co-morbid conditions
prone to respond to iron, such as diabetes and kidney failure. If
such a trial confirms the positive effects not only on functional cap-
acity but also, much more importantly, on morbidity and mortality,
i.v. iron supplementation may become the standard of care in HF
patients with iron deficiency.
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