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Background: Iron deficiency is an important co-morbidity in heart failure patients. IV iron may improve quality of
life and reduce heart failure hospitalizations, but the results of the clinical trials are varied.

Objective: The purpose of this meta-analysis is to assess not only the effect of IV iron in iron-deficient heart failure
patients but also the quality of evidence.

Methods: PubMed and Cochrane databases were searched from inception to Oct 2021. Randomized clinical trials
in iron-deficient, heart failure patients assessing the effect of IV iron versus placebo and with at least 12 weeks of
follow-up were included. The outcomes were pooled and analyzed using a random-effect model. The quality of
evidence was assessed using the GRADE approach.

Results: Seven studies were included in our meta-analysis. IV iron was associated with a 13.8 % decreased risk of
HF hospitalizations (OR 0.59; 0.35-0.98, p = 0.040, GRADE = Low). All-cause mortality and CV mortality were
not different between IV iron and placebo. But a composite outcome of HF hospitalizations or CV mortality was
17.5 % lower with IV iron (OR 0.51;0.31-0.84, p = 0.008, GRADE = Moderate).

Conclusions: Among heart failure patients with iron deficiency, IV iron is associated with lower HF hospitali-
zations. It is a relatively inexpensive regimen that can potentially improve quality of life and decrease healthcare
expenditure.

duodenal mucosa edema and increased hepcidin levels which reduces
duodenal iron absorption from the duodenum and iron storage release
[7,8].

1. Introduction

Iron deficiency is a common comorbidity in patients with heart

failure and is associated with higher mortality and increased hospitali-
zations [1,2]. In patients with chronic heart failure, there is impaired
iron metabolism, with decreased available free iron for usage even with
normal ferritin levels. Decreased available functional iron is associated
with decreased oxygen consumption irrespective of the hemoglobin
levels [3].

Iron deficiency reduces the oxidative capacity of skeletal muscles [4]
and impaired exercise capacity in patients with heart failure, which in
turn leads to poor quality of life [5,6]. While supplementing iron ther-
apy, oral iron administration is likely limited due to gastric and

There are randomized clinical trials that studied the effects of IV iron
on mortality, hospitalizations, and quality of life questionnaires but the
results are varied [9-15]. There are previous meta-analyses assessing the
effect of IV iron therapy in iron-deficient heart failure patients, but
different studies were included in those meta-analyses and the results
are without the assessment of the grade of evidence [16-18]. Therefore,
we conducted a meta-analysis assessing the effect of IV iron therapy in
hospitalizations and mortality in patients with heart failure, using the
Grading of Recommendations, Assessment, Development and Evalua-
tion (GRADE) approach to assess the quality of evidence.

Abbreviations: ACC, American College of Cardiology; AHA, American Heart Association; CI, Confidence Interval; CKD, chronic kidney disease; CV, Cardiovascular;
EF, Ejection Fraction; FCM, Ferric Carboxymaltose; GRADE, Grading of Recommendations, Assessment, Development, and Evaluation; HF, Heart Failure; HFSA,
Heart Failure Society of America; IV, Intravenous; pg/L, Micrograms/Liter; NYHA, New York Heart Association; OR, Odds Ratio; PRISMA, Preferred Reporting Items
for Systematic Reviews and Meta-analyses; TSAT, transferrin saturation; 6MWT, 6-Minute Walk Test; QoL, Quality of Life.
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2. Materials and methods

We conducted a systematic review of the literature adhering to the
institute of medicine's standards for systematic reviews [19]. This meta-
analysis is reported according to the guidelines provided by the
Preferred Reporting Items for Systematic Reviews and Meta-analyses
(PRISMA) [20]. It is not registered with the International Prospective
Register of Systematic Reviews (PROSPERO). The approval of the
institutional review board was not required as the data was publicly
available. Our study aims to assess the effect of intravenous iron versus
placebo on recurrent hospitalization and mortality in patients with heart
failure and iron deficiency.

2.1. Information sources and study selection

One author (PM) devised and performed a systematic search of
PubMed and the Cochrane Library using prespecified search terms (see
Supplementary material). The databases were searched from inception to
Oct 2021. The articles were included if they were

— published randomized human clinical trials, written in English,

- investigating the effect of intravenous iron versus placebo in iron-
deficient heart failure patients,

— with a follow-up duration of at least 12 weeks, and

— either of the outcomes assessed: all-cause mortality, cardiovascular
mortality, HF hospitalizations, CV hospitalizations, or a composite of
HF hospitalizations or CV mortality.

Two independent authors (PM and PN) independently screened
studies and employed inclusion criteria. Any disagreement between the
two authors was resolved by involving a third author (AT).

2.2. Data extraction

Multiple authors extracted data with oversight of the process by an
author (PM). Data were extracted for the baseline trial and the patient
characteristics and for the outcomes: all-cause mortality, CV mortality,
HF hospitalizations, CV hospitalizations, and a composite endpoint of
HF hospitalizations or CV mortality.

2.3. Statistical analyses

All statistical analyses were performed using the Review Manager
(Rev-Man) Version 5.4 (The Cochrane Collaboration, 2020). A random-
effects model was used. The results were presented as odds ratios (ORs)
with 95 % confidence intervals (CIs) and forest plots were reported.

p-value<0.05 was considered statistically significant. Heterogeneity
was assessed from I statistics. 1> > 50 % with a p-value <0.05 is
considered significant to further analyzed the cause of heterogeneity.
The risks of bias were assessed with Cochrane risk-of-bias tool for ran-
domized trials (RoB 2). The qualities of included studies and the cer-
tainty of evidence were rated using the Grading of Recommendations,
Assessment, Development and Evaluation (GRADE) approach. The
summary of findings figure was created using GRADEpro GDT: GRA-
DEpro Guideline Development Tool [Software]. (McMaster University
and Evidence Prime, 2021).

3. Results

A total of 408 studies were identified from the initial literature
search. After screening, 8 full-text articles were assessed for eligibility.
The study by Toblli et al. [21] was excluded as it was done exclusively in
patients with heart failure and chronic kidney disease and potentially
leading to the inconsistency of the results. A total of 7 studies were
included in the meta-analysis. The results of our literature search are
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Table 1

Characteristics of the clinical studies included in the analyses.
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Trial Name AFFIRM-AHF [9] CONFRIM-HF [10] IRON-HF [12] FERRIC-HF [14] EFFECT-HF [13] FAIR-HF [11] PRACTICE-ASIA-
HF [15]
Year of
Publication 2020 2015 2013 2008 2017 2009 2018
Luis Beck-da-Silva van Veldhuisen DJ
First Author Ponikowski et al Ponikowski et al et al Okonko et al et al Anker et al Yeo TJ et al
121 sites (3 41 sites (9 Brazil, multi- 28 sites (9 Singapore (2
Country countries) countries) center UK and Poland countries) 75 sites (11 countries)  centers)
Study Type RCT RCT RCT RCT RCT RCT RCT
No label but
Open-label, Open-label, transparent tube,
Blinding Status Double-blind Double-blind Double-blind observer-blinded blinded end point Double-blind blinded endpoint
IV Iron Type FCM FCM Iron sucrose Iron sucrose FCM FCM FCM
Mean IV Iron
Dose (mg) 1352 1500 1000 928 1204 N/A 1000

Iron Deficiency
Definition

ferritin<100 pg/L
(or) 100-299 pg/L
with TSAT <20 %

ferritin<100 pg/L
(or) 100-299 pg/L
with TSAT <20 %

ferritin <500 pg/L
and TSAT <20 %
(Inclusion criteria)

ferritin<100 pg/L
(or) 100-299 pg/L
with TSAT <20 %

Inpatient/
outpatient,

EF inclusion Inpatient, LVEF Ambulatory, LVEF Ambulatory,

criteria <50 % <45 % LVEF<40 %
Duration of

Follow-up Up to 52 weeks 52 weeks 3 months

Ambulatory, LVEF
<45 %

Up to 18 weeks

ferritin<100 pg/L
(or) 100-300 pg/L
with TSAT <20 %

Ambulatory, LVEF
<45 %

Up to 24 weeks

ferritin<100 pg/L (or)
100-300 pg/L with
TSAT <20 %
Ambulatory, LVEF
<40 % for NYHA
Class IT & LVEF <45 %
for NYHA Class III

Up to 24 weeks

ferritin<100 pg/L
(or) 100-299 pg/L
with TSAT <20 %

Inpatient, any
LVEF

12 weeks

Abbreviations: RCT - Randomized Controlled Trial, FCM - ferric carboxymaltose, TSAT - transferrin saturation, LVEF - left ventricular ejection fraction, NYHA - New

York Heart Association, N/A-Not available.

Table 2
Patient characteristics of the studies included in the analyses.
Trial Name AFFIRM-AHF CONFRIM-HF IRON-HF FERRIC-HF EFFECT-HF FAIR-HF PRACTICE-ASIA-HF
[9] [10] [12] [14] [13] [11] [15]
No. of Patients (Iron therapy/ Placebo) 558/ 550 150/151 10/ 6 24/ 11 86/ 86 304/ 155 24/ 25
Mean Age (Yr) (IT/P) 71.2/70.9 68.8/ 69.5 66.9/ 68.9 64/ 62 63/ 64 67.8/ 67.4 61.1/ 64
Women (%) (IT/P) 44/ 45 45/ 49 30/ 33.3 29/ 27 30/ 20 52.3/54.8 25/ 20
White Race (%) (IT/P) 95/ 95 99/ 99 N/A 88/ 91 N/A 99.7/ 100 0/0
Ischemic HF (%) (IT/P) 47/ 47 83/ 83 N/A N/A N/A 80.6/ 79.4 N/A
Anemia (%) (IT/P) 52/ 57 N/A 100/ 100 50/ 55 N/A N/A N/A
Mean Hb (g/dL) (IT/P) 12.3/12.1 12.4/12.4 11.2/10.9 12.6/12.2 12.9/13 11.9/11.9 11.6/13.1
Ferritin (ng/mL) (IT/P) 83.9/ 88.5 57/57.1 185/ 95 62/ 88 48/ 53" 52.5/ 60.1 91.4/ 84.1
Mean TSAT (%) (IT/P) 15.2/14.2 20.2/18.2 18.9/13.5 20/ 21 17.3/18.1° 17.7/ 16.7 15.7/13.9
Mean LVEF (%) (IT/P) 32.6/ 32.7 37.1/ 36.5 25.2/ 30.7 30/ 29 33/ 31 31.9/ 33 38.8/33.2
Premature Treatment Discontinuation (n)
T/P) 157/ 160 14/ 19 N/A 4/1 3/1 16/ 14 N/A

Abbreviations: TSAT - transferrin saturation, LVEF - left ventricular ejection fraction, Hb - hemoglobin, Yr - year, n - number, IT/P - Iron therapy/ placebo,

N/A - Not available.

AFFIRM-AHF [9]: A Randomized, Double-blind Placebo-Controlled Trial Comparing the Effect of Intravenous Ferric Carboxymaltose on Hospitalisations and Mortality
in Iron Deficient Subjects Admitted for Acute Heart Failure, CONFIRM-HF [10]: Ferric CarboxymaltOse evaluatioN on perFormance in patients with IRon deficiency in
coMbination with chronic heart failure, IRON-HF [12]: A randomized trial to assess the effects of iron in heart failure patients with anemia, FERRIC-HF [14]:
Intravenous iron sucrose in anemic and non-anemic iron deficient patients with CHF, EFFECT-HF [13]: Effect of Ferric Carboxymaltose on Exercise Capacity in Patients
With Chronic Heart Failure and Iron Deficiency, FAIR-HF [11]: Ferinject Assessment in Patients with Iron Deficiency and Chronic Heart Failure, PRACTICE-ASIA-HF

[15]: Single-dose intravenous iron in Southeast Asian heart failure patients: A pilot randomized placebo-controlled study.

2 Median values.

outlined in the PRISMA flow diagram. Fig. 1 [22].

Baseline characteristics of the included studies and the patients are
summarized in Tables 1 and 2. IRON-HF and FERRIC-HF [12,14] studied
IV iron sucrose but the others IV FCM [9,10,11,13,15]. Most patients
were white [9,10,11,14]. The most frequently used iron deficiency
definition was ferritin<100 pg/L (or) 100-299 pg/L with TSAT <20 %
[9-15]. The risk of bias in RCTs was not serious for the outcomes
assessed.

3.1. Functional capacity assessments

Of the seven studies included for analysis, 6 studies assessed
improvement in patients' functional capacity, summarized in Table 3.
Most studies showed improvement in NHYA class, pvVO2, and quality of
life assessment scores such as Patient Global Assessment (PGA) and

Kanas City Cardiomyopathy Questionnaire (KCCQ) [10,11,13-15].
However, due to significant variations in the types, methods, and tim-
ings of the assessments between the studies, quantitative analyses were
not done for functional capacity and quality-of-life assessments.

3.2. Assessment of heterogeneity for outcome analyses

Of all the outcome assessments, all-cause mortality and CV mortality

have low heterogeneity with an I? of 0 %. For the analyses of HF hos-
pitalizations and a composite outcome of HF hospitalizations or CV
mortality, 12 values are >50 % but heterogeneity p-values were not
significant. The heterogeneity of CV hospitalizations assessment was
high a? 74%, p = 0.004) and the EFFECT-HF trial [13] was identified as
the cause of heterogeneity, but the reason was unclear. So, the study was
included in the analysis.
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Table 3
Summary of functional capacity assessments.

Trial Name Methods to Assess Patient's Results
functional capacity

AFFIRM-AHF No functional capacity Not applicable.

[9] assessment.
CONFIRM-HF - Change in 6MWT distance at - Significantly prolonged 6MWT
[10] 24 weeks distance with FCM compared
- Changes in NYHA class, PGA, with placebo
health-related QoL - Statistically significant
Fatigue score at 6, 12, 24, 36, improvement in NYHA class,
and 52 weeks PGA, QoL, and Fatigue Score in
patients treated with FCM
compared with placebo from
Week 24 onwards.

IRON-HF [12] Variation of peak oxygen No statistically significant
consumption (pVO2) over 3- increment in pvO2 between the
month follow-up study groups.

FERRIC-HF - Change in absolute VO2, - No significant Improvement in

[14] pVO2, NYHA class, PGA, absolute VO2 and MLHFQ score
MLFHQ score, fatigue score at with IV iron versus placebo
week 18 - Significant improvement in

pVO2, NYHA class, PGA and
fatigue score with IV iron
compared with placebo

EFFECT-HF - Change in pvVO2 from - No significant difference in

[13] baseline to 24 weeks change in pVO2 between IV
- Improvement in NHYA class iron & control at 24 groups
and PGA at 6,12 and 24 weeks - Significant improvement in

NYHA class with IV iron versus
control at 24 weeks, but not at 6
& 12 weeks

- Significant improvement in
PGA with IV iron versus control
at 12 & 24 weeks but not at 6
weeks

FAIR-HF [11] Change in self-reported PGA &  Significant improvements in
NYHA class, KCCQ, EQ-5D self-reported PGA & NYHA
visual analog scale & 6MWT class, KCCQ, EQ-5D visual
distance at 4,12 & 24 weeks analog scale & 6MWT distance

at 4,12 & 24 weeks

PRACTICE- Change in 6MWT, KCCQ & No significant difference in

ASIA-HF visual analog scale at 12 weeks 6MWT, KCCQ & visual analog

[15]

scale between IV iron at 12
weeks

Abbreviations: 6MWT- 6-min walk test, NYHA- New York Heart Association,
PGA- Patient Global Assessment, QoL- Quality of Life, FCM- Ferric Carox-
ymaltose, pvVO2- Peak VO2, MLFHQ score- Minnesota Living with Heart Failure
Questionnaire, IV- intravenous, EQ-5D- European Quality of Life-5 Dimension.

3.3. Outcome analyses

Six studies were included in the analysis of the effect of IV iron versus
placebo on HF hospitalization. HF hospitalizations were significantly
lower in patients treated with IV iron (22.4 %) compared with placebo
(36.2 %) (OR 0.59; 0.35-0.98, p = 0.040, GRADE = Low).

For CV hospitalizations, five studies were included. CV hospitaliza-
tions occurred in 32.4 % with IV iron and 47.5 % with placebo (OR 0.67;
0.38-1.19, p = 0.170, GRADE = Very Low).

Six studies were included for all-cause mortality and five studies for
CV mortality analyses. All-cause mortality was 3.5 % with IV iron and
5.3 % with placebo (OR 0.79; 0.42-1.48, p = 0.47, GRADE = low). CV
mortality was 9.0 % with IV iron versus 10.8 % with placebo (OR 0.94;0
0.69-1.27, p = 0.670, GRADE = Low).

Based on the analysis of five studies, the composite outcome of HF
hospitalizations or CV mortality is significantly lower in patients treated
with IV iron (31.3 %) compared with placebo (48.8 %) (OR 0.51;
0.31-0.84, p = 0.008, GRADE = Moderate).

Forest plots of the analyses were shown in Fig. 2a, b, c, d, e, the
Summary of findings in Fig. 3 and Central illustration in Fig. 4.
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4. Discussion

Despite advances in treatments including device therapies, heart
failure remains a major public health problem and healthcare burden
associated with significant hospitalizations, admission rates, mortality,
and costly healthcare expenditure [23-26]. Most recent data suggested
that around 6 million Americans were diagnosed with heart failure, and
it is estimated that >8 million Americans may be living with heart
failure by 2030 [24,27]. Based on the data from 2014, the estimated cost
of primary heart failure hospitalization was $11,552 per individual,
with a total estimated cost of >11 billion $ [28].

Studies not only suggest that iron deficiency is associated with
reduced quality of life and exercise capacity in heart failure patients, but
also have shown that IV iron therapy improves 6MWT and quality of life
[10-12,29]. However, there was no large study that showed a significant
reduction in HF admissions until AFFIRM-AHF [9].

Our meta-analysis findings, based on a total study population of
2124 from 6 RCTs, proved that there was a statistically significant
reduction in HF hospitalization rate in IV iron arm compared to the
placebo arm despite there being no statistically significant reduction in
total CV hospitalizations. The potential cause of statistical insignificance
in total CV hospitalizations is the inclusion of the EFFECT-HF study.
Though there is an unclear reason for high heterogeneity with the
EFFECT-HF study, one could argue that there may be other potential
significant baseline characteristic differences in the study [13]. Our data
suggest that IV iron therapy does not have the CV and total mortality
benefit effect.

We analyzed only HF hospitalizations and mortality but did not
conduct the analysis of the pooled data for quality-of-life scoring,
6MWT, and NYHA since not all the included studies assessed the func-
tional status and the scoring methods varied. AFFIRM-AHF data sug-
gested that treatment with IV iron reduced the risk of HF hospitalization
with no significant effect on the risk of CV mortality [9]. CONFIRM-HF
results showed treatment with IV iron showed improved QoL, 6MWT,
and NYHA class at 52 weeks as well as decreased heart failure hospi-
talization [10]. FAIR-HF concluded that treatment with IV iron
improved symptoms, functional capacity, and quality but had no sig-
nificant effect on HF hospitalization and CV mortality. EFFECT-HF trial
suggested that treatment with IV iron improved peak VO2 at 24 weeks
but had no significant effect on HF hospitalization and CV mortality.
However, HF hospitalization and CV mortality in both Fair-HF and
EFFECT-HF were only assessed as a safety endpoint but not as a primary
or secondary endpoint [11,13]. In FERRIC-HF study, IV iron improved
NYHA class, and peak VO2 level and had no effect on HF hospitalization
and CV mortality. But it is a small study, and HF hospitalization and CV
mortality were not evaluated as the primary outcomes [14]. PRACTICE-
ASIA-HF showed that IV iron therapy has no significant effect on 6MWT,
QoL, and HF admission at 12 weeks among a total of 50 subjects with 25
in each arm which is again a small and underpowered study.

There were a handful of prior meta-analyses conducted for IV iron in
HF [16-18,30]. Compared to most prior meta-analyses except Graham
et al. [30], our study highlights a statistically significant reduction of HF
hospitalization with a certainty assessment. Unlike Graham et al., our
study did not include Toblli et al. since it was done exclusively in HF
patients with CKD which could lead to inconsistency in results and the
data may not be applicable to the general HF population (serious indi-
rectness). In contrast to Graham et al., we conducted an analysis for all-
cause mortality which however did not show any significant difference
[17,21]. In contrast to Yamani et al., our study included EFFECT-HF and
PRACTICE-ASIA-HF studies to give a more comprehensive data review
and excluded Toblli et al. given the reason mentioned above [18].

The clinical trials included in our meta-analyses used either IV iron
sucrose (IRON-HF & FERRIC-HF) [12,14] or IV FCM [9-11,13,15].
There are studies comparing different IV iron formulations: IV iron su-
crose versus IV FCM [31,32] with varying results in outcomes such as
hemoglobin, and IV iron isomaltoside versus IV iron sucrose [33,34]



P.T. Myint et al.

American Heart Journal Plus: Cardiology Research and Practice 22 (2022) 100204

a IV Iron Placebo Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

AFFIRM-AHF 217 558 294 550 33.0% 0.55 [0.44, 0.70] -

CONFIRM-HF 10 150 32 151 20.1% 0.27 [0.13, 0.56) —

EFFECT-HF 13 86 13 86 18.2% 1.00 [0.43, 2.30] S

FAIR-HF 7 304 9 155 14.9% 0.38 [0.14, 1.05] S —

FERRIC-HF 1 24 1 11 2.9% 0.43 [0.02, 7.66]

PRACTICE-ASIA-HF 9 24 5 25 10.9% 2.40 [0.67, 8.65] = e

Total (95% CI) 1146 978 100.0% 0.59 [0.35, 0.98] >
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Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

AFFIRM-AHF 295 558 374 550 30.1% 0.53 [0.41, 0.67) -

CONFIRM-HF 26 150 51 151 24.8% 0.41 [0.24, 0.71) -

EFFECT-HF 26 86 16 86 21.4% 1.90 [0.93, 3.86]

FAIR-HF 16 304 9 155 18.9% 0.90 [0.39, 2.09] —
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CONFIRM-HF 12 150 14 151 60.3% 0.85 [0.38, 1.91)

EFFECT-HF 0 86 4 86 4.5% 0.11 [0.01, 2.00] +

FAIR-HF S 304 4 155 22.2% 0.63[0.17, 2.39] ———T

FERRIC-HF 1 24 0 11 3.7% 1.47 [0.06, 38.91]

IRON-HF 2 10 1 6 5.6% 1.25 (0.09, 17.65]

PRACTICE-ASIA-HF 1 24 0 25 3.7% 3.26 [0.13, 83.90]

Total (95% CI) 598 434 100.0% 0.79 [0.42, 1.48] >

Total events 21 23

Heterogeneity: Tau® = 0.00; Chi’ = 2.96, df = 5 (P = 0.71); I’ = 0% :0 o1 051 150 1004

Test for overall effect: Z = 0.72 (P = 0.47) Favours [IV Iron] Favours [Placebo]
d IV iron Placebo Odds Ratio Odds Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% ClI M-H, Random, 95% CI

AFFIRM-AHF 77 558 78 550 81.4% 0.97 [0.69, 1.36]

CONFIRM-HF 11 150 12 151 12.9% 0.92 [0.39, 2.15] I

FAIR-HF 4 304 4 155 4.8% 0.50 [0.12, 2.04] —_— T

FERRIC-HF 1 24 0 11 0.9% 1.47 [0.06, 38.91]
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Total events 93 94

Heterogeneity: Tau? = 0.00; Chi’ = 0.87, df = 3 (P = 0.83); I’ = 0% =0 o1 051 150 1001

Test for overall effect: Z = 0.43 (P = 0.67) Favours [IV Iron] Favours [Placebo)
e IV Iron Placebo Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
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CONFIRM-HF 21 150 44 151 28.0% 0.40 [0.22, 0.71) —a—

FAIR-HF 7 304 13 155 17.3% 0.26 [0.10, 0.66] —_—

FERRIC-HF 1 24 1 11 2.8% 0.43 [0.02, 7.66)
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Total (95% CI) 1060 892 100.0% 0.51 [0.31, 0.84] <>

Total events 332 435
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Fig. 2. Forest Plots of the Meta-analyses of

(a). Heart Failure Hospitalizations
(b). CV Hospitalizations

(c). All-cause Mortality

(d). CV Mortality

(e). Composite of HF Hospitalizations or CV Mortality
IV-intravenous, CI-confidence interval.
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1V Iron compared to Placebo for Heart Failure with Iron Deficiency

Patient or population: Heart Failure with Iron Deficiency
Setting:

Intervention: IV Iron

Comparison: Placebo

Anticipated absolute effects”

(95% C1)
Na of Certainty of
Risk with Risk with IV Relative effect participants the evidence
Placebo Iron (95% CI) (studies) (GRADE) Comments
e o 251 per 1,000 OR 0.59 2124 ®@®00
HF Hospitalizations 362 per 1.000  “(156' 357) (0.35 to 0.98) (6 RCTS) Low®
he v 378 per 1,000 OR 0.67 2075
CV Hospitalizations 475 per 1.000  “(556'15519)  (0.38 to 1.19) (SRCTS)  Very low® <
, 42 per 1,000 OR0.79 1032 ®®00
All-cause Mortality 53 per 1,000 (23 to 76) (0.42 to 1.48) (6 RCTs) Lowse
. 103 per 1,000 OR 0.94 1903
CV Mortalny 108 per 1.000 3710 134)  (0.69 to 1.27) (5 RCTs) Low™<
HF Hospitalizations  aq o ) o9 327 per 1,000  ORO0.51 1952 [CICCle)
+ CV Mortality . (228 to 444)  (0.31 to 0.84) (5 RCTs) Moderate®

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative

effect of the intervention (and its 95% Cl).

CI: confidence interval; OR: odds ratio

GRADE Working Group grades of evidence

High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there

is a possibility that it is substantially different.

Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of

effect.

Explanations

a. Majority of population, >85% of patients are from white race
b. High heterogeneity, 12 74%
c. Wde confidence interval

Fig. 3. Summary of Findings of the Meta-analyses
IV-intravenous, HF-heart failure, CV-cardiovascular,

GRADE- Grading of Recommendations, Assessment, Development, and Evaluation.

showing potential higher efficacy and convenience of iron isomaltose
over iron sucrose. However, these studies are not specific to iron-
deficient heart failure patients so further studies are warranted before
we favor one IV iron formulation over another.

Again, the exact mechanism of intravenous iron therapy improves
functional status and clinical outcomes in heart failure patients remain
unclear [29]. But studies have proved that oral iron preparation was not
an effective way to manage ID in HF due to pathophysiological con-
siderations (i.e., overactivation of inflammatory mediator which in-
terferes with iron absorption and transport) and there was some
evidence of bowel well thickness and edema due to congestion and
chronic inflammatory state in HF patients which could theoretically
interfere with the iron absorption [35]. In clinical trials studying the
effect of oral iron in heart failure patients (IRON-HF and IRONOUT-HF),
oral iron did not show significant improvement in peak VO2 (venous
oxygen concentration), 6-min walk test distance, or KCCQ score (Kansas
City Cardiomyopathy Questionnaire) compared with placebo [36,12].

2022 ACC/AHA/HFSA guidelines provided a Class IIA recommen-
dation for IV iron replacement in iron-deficient heart failure patients
with reduced ejection fraction to improve functional status and QoL
[37]. Most studies in our meta-analysis used EF < 45 % or < 40 % as the
inclusion criteria [10-14] except the AFFIRM-HF trial which included
patients <50 % [9] and the PRACTICE-ASIA-HF trial which included
patients with any EF [15]. Currently, there is limited data for IV iron use
in heart failure with preserved ejection fraction.

5. Limitations

Our meta-analysis has a handful of limitations. First, most patients in
the included studies, except PRACTICE-ASIS-HF, are white despite there
being a significant number of HF patients of other ethnicities, especially
African Americans [9-15]. Therefore, our meta-analysis data may not be
generalizable to the global HF population. There are also a couple of
reasons which could have contributed to heterogeneity in our study. One
is that there is no exact data for the reason for total hospital admission
and mortality. Another reason is the patients' baseline characteristics
could vary especially social status and medication adherence. The
mortality results were mostly determined by the well-powered AFFIRM-
AHF trial, other included trials are smaller, and some only evaluated
mortality as a safety endpoint but not as a primary or secondary
endpoint. Last but not the least, the data for the exact IV iron doses were
not available for all studies except AFFIRM-AHF and FERRIC-HF.
Therefore, the effectiveness of the potential underdosing of IV iron in
some studies may have altered the outcomes including HF admissions,
long-term mortality, and functional capacity.

6. Conclusion

IV iron is a relatively inexpensive regimen, and its cost-effectiveness
outweighs readmission costs. Our meta-analysis proved that IV iron
supplementation in iron-deficient heart failure patients decreases HF
admission. Ongoing clinical trials with quality-of-life assessments, CV
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Heart Failure Hospitalizations

PRI
L XXXR

251 per 1000 people
Heart Failure
(HF) Follow-up at least OR=0.59
+ 12 weeks (p = 0.04)

Iron Deficiency
[2124 patients, 6 RCTs]

Placebo

Population with HF
hospitalization

Population without HF
hospitalization

362 per 1000 people

Fig. 4. Central Illustration: Effect of IV Iron on HF Hospitalizations in Heart Failure Patients with Iron Deficiency
IV-intravenous, HF-heart failure, RCTs-Randomized controlled trials, OR-Odds ratio, p-p-value.

mortality and all-cause mortality endpoints are yet to be completed on
the efficacy of IV iron in iron-deficient heart failure patients with
reduced as well as preserved ejection fraction.
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