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The aim of this study was to assess the net clinical and prognostic effects of intravenous (i.v.) iron therapy in patients with systolic heart
failure (HF) and iron deficiency (ID). We performed an aggregate data meta-analysis (random effects model) of randomized controlled
trials that evaluated the effects of i.v. iron therapy in iron-deficient patients with systolic HF. We searched electronic databases up to
September 2014. We identified five trials which fulfilled the inclusion criteria (509 patients received i.v. iron therapy in comparison with
342 controls). Intravenous iron therapy has been shown to reduce the risk of the combined endpoint of all-cause death or cardiovascular
hospitalization [odds ratio (OR) 0.44, 95% confidence interval (Cl) 0.30—0.64, P < 0.0001], and the combined endpoint of cardiovascular
death or hospitalization for worsening HF (OR 0.39, 95% Cl 0.24-0.63, P = 0.0001). Intravenous iron therapy resulted in a reduction in
NYHA class (data are reported as a mean net effect with 95% Cls for all continuous variables) (—0.54 class, 95% Cl —0.87 to —0.21, P =
0.001); an increase in 6-min walking test distance (+31m, 95% CI 18—43, P < 0.0001); and an improvement in quality of life [Kansas City
Cardiomyopathy Questionnaire (KCCQ) score +5.5 points, 95% Cl 2.8—8.3, P < 0.0001; European Quality of Life—5 Dimensions (EQ-5D)
score +4.1 points, 95% Cl 0.8—7.3, P = 0.01; Minnesota Living With Heart Failure Questionnaire (MLHFQ) score —19 points, 95% Cl:—23
to —16, P < 0.0001; and Patient Global Assessment (PGA) +0.70 points, 95% Cl 0.31—-1.09, P = 0004]. The evidence indicates that i.v. iron
therapy in iron-deficient patients with systolic HF improves outcomes, exercise capacity, and quality of life, and alleviates HF symptoms.

..........................................................................................................
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patients with HF (both anaemics and non-anaemics) are character-
ized by high mortality and increased rates of urgent hospitalizations
due to HF progression.’#

Introduction

Iron deficiency (ID) is a common co-morbidity found in 50%

of patients with stable heart failure (HF)." ID constitutes the
most frequent cause of anaemia in patients with HF23 but, most
importantly, ID occurs in ~46% of non-anaemic patients with
stable systolic HF'

The presence of ID, regardless of concomitant anaemia, has been
shown to worsen symptoms and to impair exercise capacity and
quality of life (QoL) of patients with systolic HE.'#~8 Iron-deficient

The gathered experimental and clinical evidence provided
the basis to consider ID as a potential therapeutic target in
patients with HF37°~" Indeed, in recent years, several studies
have investigated the effects of intravenous (i.v.) iron therapy in
iron-deficient patients with HE'®~2" including the FAIR-HF?? and
CONFIRM-HF? trials encompassing >450 and >300 patients,
respectively.
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Figure 1 Search algorithm according to the PRISMA 2009 flow diagram.** ESA, erythropoiesis-stimulating agent.

The aim of our study was to summarize the evidence in the form
of a meta-analysis of all randomized controlled trials that investi-
gated the effects of i.v. iron therapy in iron-deficient patients with
systolic HF (also analysed separately in anaemic and non-anaemic
subjects).

Methods

Search strategy and study selection

We performed an aggregate data meta-analysis of randomized con-
trolled trials regarding i.v. iron therapy in patients with systolic HF
and ID.

One reviewer (M.T.) identified relevant English-language studies pub-
lished between 1 January 1950 and 30 September 2014, by searching
the US National Library of Medicine via PubMed records, Embase,
Cochrane databases, Web of Science, FDA.gov, and ClinicalTrials.gov.
The complete combined PubMed query (created using the PubMed
Advanced Search Builder) was: ‘[(heart failure) AND (iron deficiency
OR iron therapy OR iron supplementation OR iron repletion OR intra-
venous iron OR ferric carboxymaltose OR iron sucrose)]’. No other
search restrictions or filters were applied. All potentially eligible studies
were considered for review, irrespective of pre-defined primary out-
comes. A manual search of reference lists of important review articles
and previously conducted meta-analyses>”-1%1" regarding i.v. iron ther-
apy in patients with HF was also performed. Only original clinical trial
publications were included in this meta-analysis, and additional papers
presenting further subanalyses of primary data were omitted to avoid
data duplication.

© 2016 The Authors

European Journal of Heart Failure © 2016 European Society of Cardiology

Inclusion criteria in this meta-analysis comprised at least a
single-blind randomized controlled trial regarding i.v. iron therapy
without erythropoiesis-stimulating agents (ESAs) in patients with
systolic HE Systolic HF was defined as an left ventricular ejection
fraction (LVEF) of <45%.

Data extraction and quality assessment

Based on published full-text articles of five included studies and
supplementary content available online, two reviewers (E.A.J. and M.T)),
independently of each other, extracted the following data for two study
arms (i.v. iron vs. control group).

(i) Clinical events reported at the end of follow-up: (a) all-cause
death; (b) cardiovascular death; (c) all-cause death or cardio-
vascular hospitalization (combined endpoint); (d) cardiovascu-
lar death or hospitalization for worsening HF; and (e) HF
hospitalization.

(ii) Change from baseline to the end of follow-up in continuous
variables: (a) European Quality of Life—5 Dimensions (EQ-5D)
visual analogue scale;?* (b) Kansas City Cardiomyopathy Ques-
tionnaire (KCCQ) score;?® (c) Minnesota Living With Heart Fail-
ure Questionnaire (MLHFQ) score;?® (d) Patient Global Assess-
ment (PGA) on a 7-point scale [a patient’s declaration regarding
the change of his/her medical condition since enrolment was
assigned the following scores: —3 (‘is much worse’), —2 (‘is mod-
erately worse’), —1 (is a little worse’), 0 (‘is unchanged’), 1
(‘has improved a little’), 2 (‘has moderately improved’), and 3
(‘has much improved’), and patients who died were assigned —4
points points];2? (e) NYHA functional class; (f) 6-min walking test
(6MWT) distance; and (g) LVEFR.
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Table 2 Risk of bias assessment in the studies included in the meta-analysis according to the Cochrane

Collaboration’s tool for assessing risk of bias?’

Study Source of bias

Blinding of
participants and
(selection bias) researchers

Random sequence Allocation
generation concealment

(selection bias)

Blinding of Incomplete Selective Other
outcome outcome reporting bias
assessment data (reporting bias)

(performance bias) (detection bias) (attrition bias)

Toblli et al. (2007) +) (+)
Okonko et al. (2008) (+)

Anker et al. (2009) (+) (+) (+)
Beck-da-Silva et al. (2013) | (+) o
Ponikowski et al. (2015) | (+) (+) +)

(+) )
+)
(+)

(+)
)
(G)

(+) Low risk of bias; (—) high risk of bias; (?) unclear risk of bias.

All analyses were performed: (i) in all patients with systolic HF;
(ii) only in anaemic subjects; and (jii) only in non-anaemic subjects.

Risk of bias assessment in the five trials included in this meta-analysis
was assessed using the Cochrane Collaboration’s tool.” We eval-
uated the following bias domains: selection bias (random sequence
generation and allocation concealment), performance bias (blinding
of participants and researchers), detection bias (blinding of outcome
assessment), attrition bias (incomplete outcome data), and reporting
bias (selective reporting)?’ (Table 2).

Statistical analyses

Dichotomous variables (events: all-cause death, cardiovascular death,
all-cause death or cardiovascular hospitalization, cardiovascular death
or hospitalization for worsening HF, HF hospitalization) were analysed
by calculating the odds ratio (OR) statistics with 95% confidence
intervals (95% Cls) as the measure of an effect of i.v. iron therapy
compared with the control group.

Continuous variables (EQ-5D score, KCCQ score, PGA, MLHFQ
score, NYHA class, 6MWT distance, and LVEF) were analysed by
calculating a mean difference (MD) with a standard deviation (SD) of
the mean as the measure of an effect of i.v. iron therapy compared
with the control group. The mean change was calculated between a
value at the end of the study and a baseline value. Due to the specific
characteristics of the PGA scale, which in fact reflects a self-reported
change of a patient’s medical condition since enrolment, we considered
the score from —4 to 3 points analogous to the change from baseline
calculated for other continuous variables.??

We calculated pooled estimates of the MD and pooled estimates
of the OR using a random effects model,28 and the P-value <0.05 was
considered statistically significant.

For the assessment of heterogeneity between the studies included in
this meta-analysis, we used Q Cochran and 12 statistics, and the P-value
of <0.10 was considered statistically significant.??

All analyses were performed using R software version 3.0.33° and
the STATISTICA 12 data analysis software system (StatSoft Inc.).

Results

Characteristics of studies included in the
meta-analysis

Based on an initial search with the review of article titles and
abstracts, 15 potentially eligible studies were identified and

retrieved for detailed review based on full-text articles (Figure 7).
The primary literature search was repeated by the second
reviewer (E.A).) blinded to the results of initial study selection,
and the same list of 15 studies was obtained. Among the 15
trials identified, in 7 of them there was no control group, and in
3 studies patients were receiving a combination of i.v. iron and
ESA therapy.

Five eligible randomized controlled trials
total number of 851 patients with HF (509 receiving i.v. iron) were

18-202223 yielding a
finally included in this meta-analysis. General characteristics of
analysed studies are summarized in Table 1. Of note, in the study
of Beck-da-Silva et al.,° there were three arms [iron sucrose (ISC)
i.v. and placebo p.o. vs. ferrous sulfate p.o. and placebo i.v. vs.
placebo i.v. and placebo p.o.], and in the analyses reported here
we included only two arms, namely ISC i.v. and placebo p.o. vs.
placebo i.v. and placebo p.o.

d'820.2223 and one study' was

Four studies were double-blin
open-label and observer-blinded only. All studies enrolled patients
with HF with reduced LVEF only, and the cut-off for LVEF at inclu-
sion varied from <35% to <45%. In two papers,’®2° only anaemic
patients were investigated (for the definition of anaemia in these
studies, see Table 7). In three published studies,’®?2%

data were also extracted separately for anaemic and non-anaemic

available

enrollees. In the study of Okonko et al.,'” anaemia was defined as
haemoglobin <12.5g/dL. Regarding FAIR-HF and CONFIRM-HF
trials, we applied the definition of anaemia established by the
World Health Organization.3" The definitions of ID applied in
particular studies are provided in Table 7. In two studies,?? the
i.v. iron preparation was ferric carboxymaltose (FCM; the number
of patients receiving active treatment =455) and in three'®™20 it
was ISC (the number of patients receiving active treatment = 54).

The availability of particular variables included in the
meta-analyses of the five selected studies is summarized in Table 1.

In the FAIR-HF study,?> one anaemic patient randomly assigned
to the placebo group received FCM instead—in analyses
regarding continuous and dichotomous (events) variables this
patient was included in the placebo (according to randomization)
and active treatment arm (according to the therapy received),
respectively. No event analysed in this meta-analysis occurred in
the aforementioned patient.

© 2016 The Authors
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or hospitalization for

All-cause death Exparimentsl  Contral Jaarae
Study Events Total Events Total OR 95%-C1 Wirandom)
2. Okonko et al. 2008 124 0 1 p——————— 1.47 [0.05; 38.91] 40%
3. Anker et al. 2009 5 305 4 154 0.62 [0.17; 2.36] 242%
4.Beck-da-Silvaetal. 2013 2 10 1 6 1.25 [0.09; 17.65) 6.1%
5. Ponikowski et al. 2015 12 150 14 151 0.85 [0.38; 1.91] 657%
Random effects model 489 322 <= 0.83 [0.43; 1.59) 100% z=-0.5723 P=0.5671
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Figure 2 Effects of intravenous iron therapy on outcomes in patients with systolic heart failure (HF) and iron deficiency. Cl, confidence

interval, HF, heart failure; OR, odds ratio.

Effects of intravenous iron therapy in all
patients with systolic heart failure

Intravenous iron therapy in patients with systolic HF and ID
has been shown to reduce the risk of the combined endpoint
of all-cause death or cardiovascular hospitalization, the risk of
the combined endpoint of cardiovascular death or hospitalization
for worsening HF, and the risk of HF hospitalization (Figure 2).
The analysis revealed, however, no effect on either all-cause or
cardiovascular mortality, which may be due to a low number of
reported deaths [n =20 (4%) vs. n=19 (6%) for those treated vs.
not treated with i.v. iron] and relatively short follow-up (Figure 2).

Parenteral iron therapy resulted in an improvement in exercise
capacity (as reflected by a longer 6MWT distance), an alleviation

© 2016 The Authors

European Journal of Heart Failure © 2016 European Society of Cardiology

of HF symptoms (a reduction in NYHA class; Figure 3), and an
improvement in QoL as assessed using not only questionnaires
specific for HF (KCCQ score and MLHFQ score) but also those
reflecting patients’ general medical condition (EQ-5D score and
PGA\) (Figure 4).

Effects of intravenous iron therapy

in anaemic patients with systolic heart
failure

In patients with systolic HF, ID, and anaemia, i.v. iron therapy has

been shown to reduce the risk of combined all-cause death or
cardiovascular hospitalization, combined cardiovascular death or
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6MWT distance Expo 1nt Control Mean difference
Study Total Mean 5D Total Mean 5D MD 95%-C1 Wrandom)
3. Anker et al. 2009 268 386 7538 134 102 6667 —-l-- 28.40 [13.95; 4285] 75.8%
5. Ponikowski et al. 2015 125 166 98.04 121 -21.8 10650 —r¥—— 38.40 [12.80; 64.00] 242%
Random effects model 393 255 <> 3082 [18.23,4340] 100% 2-47991 P<0.0001
Haterogeneity: Fsquared=0%, tau-squared=0, p=0,505 i
Q=044
60 -40 -20 0 20 40 &0
NYHA class Experimental Control Muan i iwance
Study Total Mean 5D Total Mean sD . MO 95%.C1 W{random)
1. Toblli et al. 2007 20 -0.900 0.7000 20 0.400 0.8000 —%— -1.30 [1.77;-0.83] 19.3%
2. Okonko et al. 2008 20 -0.400 0.6000 10 0.200 0.4000 - -0.60 [-0.96;-0.24) 228%
3. Anker et al. 2009 294 -0.306 0.6672 150 -0.053 0.5661 i -0.25 [-0.37.-0.13 30.2%
5. Ponikowski et al. 2015 127 0.047 0.8896 121 0322 0.8631 -'-— 028 [0.49;-0.08 27.6%
Random effects model 461 3 ‘<T>“ -0.54 [-0.87;-0.21] 100% z=-3.2082 P=0.0013
Heterogenaity: Fsquared=85.5%, tau-squared=0.0904, p=0.0001 i
Q =20.66
-15-1-05 0 05 1 15
LVEF Experimental Control Mean difference
Study Total Mean SD Total Mean SD MD 95%-C1 W(random)
1. Toblli et al. 2007 20 -44 6 20 229 + 6.4 [-9.32-3.48) 51.4%
2. Okonko et al.2008 20 20 5 10 150 — 10 [-2.80; 4.80] 486%
Random effects model 40 30 —=='_—::==- -2.8 [10.05; 4.45] 100% z=-0.758 P=0.4485
ity: Fsqu 1%, tav-squ. 39, pe0.0025 :
Q=9.17
-5 [ 5

Figure 3 Effects of intravenous iron therapy on exercise capacity [6-min walking test (6MWT) distance], symptoms (NYHA class), and LVEF
in patients with systolic heart failure and iron deficiency. Cl, confidence interval, MD, mean difference, SD, standard deviation.

hospitalization for worsening HF, and the risk of HF hospitalization
(Supplementary material online, Figure $7). There was no effect
demonstrated on either all-cause or cardiovascular mortality (Sup-
plementary material online, Figure S7).

Regarding exercise capacity, HF symptoms, and QoL in the
anaemic subgroup, iron therapy resulted in an increase in 6MWT
distance, the reduction in NYHA class (Supplementary material
online, Figure S2), and an improvement in KCCQ score, EQ-5D
score, and PGA (Supplementary material online, Figure S3).

Effects of intravenous iron therapy
in non-anaemic patients with systolic
heart failure

In the subgroup without co-existent anaemia, i.v. iron therapy
has been demonstrated to reduce the risk of combined all-cause
death or cardiovascular hospitalization, and borderline reduce the
risk of HF hospitalization (Supplementary material online, Figure
S4). There was no effect demonstrated on either all-cause or
cardiovascular death (Supplementary material online, Figure $4).
Further, in non-anaemic patients, iron therapy resulted in an
increase in 6MWT distance, and the reduction in NYHA class
(Supplementary material online, Figure S5). Regarding Qol, the
treatment resulted in an improvement in PGA (Supplementary
material online, Figure S6).

Discussion

In our meta-analysis we have demonstrated that i.v. iron therapy
applied in iron-deficient patients with systolic HF, regardless of

concomitant anaemia, improves outcomes, alleviates HF symp-
toms, and improves exercise capacity and Qol. This evidence
strengthens previous data in favour of treating such patients
with i.v. iron.

Regarding the most clinically relevant endpoint, i.e. all-cause
death, we have found no differences in mortality rates
between patients treated vs. not treated with i.v. iron, which
was also demonstrated across all studies included in this
meta-analysis.'®7202223 This statement was valid for both all-cause
and cardiovascular deaths, as well as for non-anaemic and anaemic
subjects. However, it might result from the fact that the power
of the analysis was not high enough to reveal statistically signif-
icant differences in mortality, due to a relatively low number of
reported all-cause deaths [n=20 (4.1%) vs. n=19 (5.9%)] and
cardiovascular deaths only [n=16 (3.3%) vs. n=16 (5.1%)] for
those treated vs. not treated with i.v. iron, respectively. Therefore,
we cannot clearly conclude about the impact of i.v. iron on either
all-cause or cardiovascular mortality in iron-deficient patients with
systolic HF.

There is no doubt that recurrent HF hospitalizations constitute a
growing serious problem of contemporary management of patients
with HF3273% Our meta-analysis has revealed that i.v. iron therapy
reduces the risk of HF hospitalization in iron-deficient patients
with systolic HE. The reduction of hospitalization rates was seen
not only in anaemic patients, but also borderline in non-anaemic
subjects. In other hands, our meta-analysis provides the basis to
consider i.v. iron therapy as a novel and advantageous intervention
which has been able to prevent a substantial number of HF
hospitalizations in patients with systolic HF.
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Figure 4 Effects of intravenous iron therapy on quality of life in patients with systolic heart failure and iron deficiency. Cl, confidence
interval, EQ-5D, European Quality of Life—5 Dimensions, KCCQ, Kansas City Cardiomyopathy Questionnaire; MD, mean differeence, MLHFQ
Minnesota Living With Heart Failure Questionnaire; PGA, Patient Global Assessment; SD, standard deviation.

In the traditional approach, the beneficial effects of i.v. iron ther-
apy were seen in patients with systolic HF and iron deficiency
anaemia (IDA).” Surprisingly, although anaemia is considered as a
common and ominous co-morbidity in HE3¢ its treatment remains
challenging.3” Erythropoiesis-stimulating agents did not bring ben-
efits in anaemic patients with systolic symptomatic HF, and even
appeared to be harmful, increasing the risk of thrombo-embolic
events in these patients (RED-HF trial).3® Therefore, i.v. iron ther-
apy remains the only evidence-based therapy for IDA in patients
with HF. In our analyses, such treatment can also can improve clin-
ical outcomes and alleviate HF symptoms.

Most importantly, iron-deficient patients with a preserved
haemoglobin level also benefit from i.v. iron therapy regarding clin-
ical outcomes, HF symptoms, and QoL. Our analyses are in favour
of the concept that ID itself should be considered as an impor-
F1:35779.3940 and there is an effective
intervention which can normalize iron status along with clinical

tant therapeutic target in H
benefits.
The limitations of this meta-analysis should be considered.

Although all studies included patients with systolic HF with ID,

© 2016 The Authors
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the inclusion criteria were not identical in all papers. In some
studies, additional clinical criteria such us reduced peak oxy-
gen consumption,’® high circulating natriuretic peptides,? or at
least mild renal dysfunction’® were required. Also, the analyzed
studies had different treatment protocols, different iron com-
pounds (ISC or FCM) and dosing, as well as different duration
of iv. iron therapy (from 5 to 36 weeks) and further clinical
follow-up (for details see Table 7). Also we need to emphasize
that the results of the meta-analysis were driven mainly by two

studies,?223

where patients with systolic HF were treated with
i.v. FCM (454 patients) in an active treatment arm. Importantly, it
needs to be acknowledged that results of meta-analyses regard-
ing emerging modern therapies can be influenced by the pub-
lication bias,*’ and further large-scale clinical trials are needed
not only to establish the optimal dosing of iron in HF but also
to confirm the impact of such therapy on clinical outcome end-
points. In conclusion, cumulative evidence from five published stud-
ies indicates that both IDA and ID itself should be considered as
clinically important targets for i.v. iron therapy in patients with
systolic HF.
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