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Abstract

Iron deficiency (ID) is present in 30-80% of patients with heart failure (HF) and is associated with poor prognosis. Intravenous
(IV) iron therapy has been evaluated in several randomized controlled trials and consistently shown to improve functional
outcomes. In FAIR-HF, 50% of patients receiving FCM achieved NYHA class improvement to | or Il by 24 weeks vs 30% with
placebo. CONFIRM-HF showed a significant 33-meter increase in 6-minute walk distance (6MWD) at 24 weeks (p=0.002),
alongside improvements in NYHA class. The recent trial FAIR-HF2 demonstrated smaller but significant gains in 6MWD
(+10.7 m) and global well-being at 12 months. Cardiovascular outcomes have been more variable. AFFIRM-AHF showed a
26% reduction in total HF hospitalizations (HR 0.74; 95% Cl, 0.58-0.94) with IV iron vs placebo. Although the composite of
cardiovascular death or first HF hospitalization was narrowly non-significant (HR 0.79; 95% Cl, 0.62-1.01), the effect may
still be clinically meaningful. IRONMAN, using ferric derisomaltose vs placebo, was neutral for the primary endpoint of HF
hospitalization and cardiovascular death (RR 0.82; 95% Cl, 0.66-1.02) but showed benefit in a COVID-censored sensitivity
analysis (RR 0.76; 95% Cl, 0.58-1.00). In HEART-FID, involving over 3,000 patients, no benefit was also seen with IV iron for
the composite of death, HF hospitalization, and 6MWD at 99% Cl, however was significant at 95% Cl. FAIR-HF2 showed a
21% reduction in the primary endpoint (HR 0.79; 95% Cl 0.61-1.02) with IV iron, which did not meet statistical significance,
but a prespecified 12-month sensitivity analysis demonstrated a 29% reduction in first cardiovascular death or HF hospi-
talization (0.71 (95% Cl, 0.53-0.94) and a 35% reduction in total HF hospitalizations (RR 0.65; 95% Cl, 0.47-0.90). The most
recent meta-analysis (n>7,000) showed a 28% reduction of composite of cardiovascular death and HF hospitalizations at 1
year (RR0.72; 95% Cl, 0.55-0.89) with IV iron. Benefits were sustained at longer term follow up and were consistent across
most subgroups. The totality of evidence supports IV iron in HFrEF with ID to improve symptoms and reduce HF hospital-
izations, especially in the first year. Future research should explore optimal long-term dosing, sex-specific responses, and

the role of IV iron in HF with preserved ejection fraction.
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Introduction

Heart failure (HF) is a chronic, progressive syndrome that af-
fects approximately 1-2% of the general adult population glob-
ally, with prevalence rising to over 10% among individuals
aged 65 years and older.! Iron deficiency (ID) is a common co-
morbidity in HF and is associated with a worse clinical profile,
including greater symptom burden, reduced exercise toler-
ance, diminished quality of life (QolL), and increased rates of
hospitalization and mortality.? The prevalence of ID in HF
varies from 30-35% of patients with stable, asymptomatic
chronic HF to up to 80% in acute decompensated HF.'3

Iron repletion, particularly by intravenous (IV) iron, is recom-
mended by both American and European guidelines to im-
prove quality of life (QoL) and symptoms in patients with HF
and reduced ejection fraction (HFrEF) and iron deficiency
(ID).*> In most clinical trials evaluating iron therapy in HF, iron
deficiency has been defined using a combination of serum fer-
ritin and transferrin saturation (TSAT) thresholds. Specifically,
ID is defined as a serum ferritin concentration <100 pg/L, or a
ferritin level between 100-299 pug/L in the presence of a TSAT
<20%.%3 However, this definition has not been validated with
the gold standard, which is iron staining of bone marrow
biopsy, a test too invasive to be used routinely.® Since ferritin
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may be increased in chronic inflammatory conditions such as
HF, TSAT has been proposed to be a more reliable marker.

Clinical evidence of benefit
Functional outcomes

Earlier trials assessed intravenous (IV) iron therapy for its ef-
fects on exercise capacity, symptoms, and quality of life (QoL)
in patients with HF and ID (Table 1). Across multiple random-
ized controlled trials (RCTs), particularly in those with HFrEF,
IV iron -most commonly ferric carboxymaltose (FCM)- im-
proved patient-centered functional outcomes (Figure 1).

The FAIR-HF (Ferinject Assessment in Patients With Iron Defi-
ciency and Chronic Heart Failure) trial demonstrated that
treatment with FCM in 459 ambulatory HFrEF patients led to
significant improvements in New York Heart Association
(NYHA) class and patient global assessment (PGA) over 24
weeks.” Approximately 50% of patients in the FCM group
achieved NYHA class | or Il compared to 30% in the placebo
group, and benefits were apparent as early as week 4. This
early response suggests the need for closer short-term follow-
up and may support earlier reassessment of iron status to
guide timely redosing. In the CONFIRM-HF (Ferric Carboxymal-

Iron Deficiency Definition

Serum Ferritin <100 pg/L OR
Ferritin 100-299 pg/L + TSAT <20%

=
S

Functional Outcomes

— Improved Patent Global

—_— Assessment, KCCQ, EQ-5D
and Fatigue Score
Improved New York Heart
Association (NYHA) Class

o

Improved 6 Meter Walking
Distance

>

tose Evaluation on Performance in Patients With Iron Defi-
ciency in Combination With Chronic Heart Failure) trial, 304
patients with symptomatic HFrEF received FCM or placebo
over 52 weeks.® Treatment with FCM significantly improved 6-
minute walk distance (6MWD) at 24 weeks (mean difference
+33+11 meters; p=0.002) along with NYHA class, PGA, and QoL
scores. The recently published FAIR-HF2 (Intravenous Ferric
Carboxymaltose and Outcomes in Heart Failure with Iron De-
ficiency), which enrolled 1137 ambulatory patients with HFrEF
and ID, confirmed sustained improvements in functional sta-
tus.® Patients receiving FCM had significant improvement in
6MWD (+10.7 m; 95% Cl, 1.44-22.9) and EQ-5D (EuroQol 5-Di-
mension) health utility score (+0.032; 95% Cl, 0.008-0.057),
and an improvement in PGA at 12 months. Together, these
data demonstrate that IV iron improves functional capacity,
symptom burden, and QoL in HFrEF patients with ID, support-
ing its role in the management of symptomatic disease. Con-
versely, there is limited data in patients with heart failure with
preserved ejection fraction (HFpEF). Recently, the FAIR-HFpEF
(Ferric carboxymaltose and exercise capacity in heart failure
with preserved ejection fraction and iron deficiency) trial
showed that FCM improved 6MWD (+45 m; 95% Cl, 5-93;
p=0.029) in 39 participants with HFpEF and ID, but slow re-
cruitment led to early termination, leaving its efficacy in this
population needing further evaluation.®

A\

Safety Outcomes

No increase in infections,
mortality or adverse events
versus placebo

Cardiovascular Outcomes
Hﬁa Q Improved Composite of
HF Hospitalizations
)
= and CV Death
Improved HF
Hospitalizations
e Neutral Effect on CV
— and All Cause mortality

Figure 1. Intravenous iron therapy in heart failure and iron deficiency. Clinical trials have defined iron deficiency in heart failure as serum ferritin a
serum ferritin concentration <100 ug/L, or a ferritin level between 100-299 pg/L in the presence of a TSAT <20%. Totality of evidence from major clinical
trials and meta-analyses suggest that iron therapy in heart failure with iron deficiency is safe, improves functional outcomes, improves composite of
heart failure hospitalizations and cardiovascular death, heart failure hospitalizations but have had a neutral effect on all-cause and cardiovascular mor-
tality. TSAT, transferrin saturation; KCCQ, Kansas City Cardiomyopathy Questionnaire; HF, heart failure; CV, cardiovascular.
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Although IV iron has consistently demonstrated functional ben-
efits in patients with HF and ID, the clinical utility of oral iron re-
mains limited. Studies evaluating oral iron therapy in this
population have been small and inconsistent, with no com-
pleted trials directly comparing oral and IV iron.>* The IRO-
NOUT HF (Effect of Oral Iron Repletion on Exercise Capacity in
Patients With Heart Failure With Reduced Ejection Fraction and
Iron Deficiency) trial found no improvement in exercise capacity
over 16 weeks in HFrEF patients.’? Overall, oral iron has not
shown consistent improvements in exercise capacity or patient-
reported outcomes, likely due to lack of adherence, polyphar-
macy, poor absorption and hepcidin-mediated regulation in
chronic HE.>!* Hepcidin, which is upregulated by iron repletion
and inflammation, downregulates ferroportin, thereby reducing
intestinal iron absorption and iron release.'? In heart failure, in-
flammation may dysregulate hepcidin and further limit the re-
sponse to oral iron.

Cardiovascular outcomes

In addition to improving symptoms, several RCTs have evalu-
ated whether IV iron therapy reduces clinically significant car-
diovascular (CV) outcomes such as HF hospitalizations and
mortality (Table 1). While trials consistently show reduced hos-
pitalization risk, mortality outcomes have been more incon-
clusive (Figure 1).

The AFFIRM-AHF (Study to Compare Ferric Carboxymaltose with
Placebo in Patients With Acute Heart Failure and Iron Defi-
ciency) trial randomized 1108 patients stabilized after hospital-
ization for acute HF.** Although the primary composite outcome
of total HF hospitalizations and CV death was narrowly non-sig-
nificant (hazards ratio [HR], 0.79; 95% Cl, 0.62-1.01; p=0.059),
FCM significantly reduced total HF hospitalizations (HR, 0.74;
95% Cl, 0.58-0.94) and time to first hospitalization or CV death
(HR, 0.80; 95% Cl, 0.66-0.98). The IRONMAN (Intravenous Iron
Treatment in Patients With Heart Failure and Iron Deficiency)
trial tested ferric derisomaltose in 1137 patients with HFrEF.*
The primary endpoint, a composite of HF hospitalization and CV
death, was neutral (rate ratio, 0.82; 95% Cl, 0.66-1.02, p=0.070).
However, a pre-specified sensitivity analysis accounting for
COVID-19 censoring found a significant benefit (rate ratio, 0.76;
95% Cl, 0.58-1.00, p=0.047).

In the HEART-FID trial (Randomized Placebo-Controlled Trial of
Ferric Carboxymaltose as Treatment for Heart Failure With Iron
Deficiency), which enrolled 3065 patients, the composite end-
point of mortality, HF hospitalization, and 6MWD did not reach
statistical significance at the pre-specified 99% Cl (rate ratio,
1.10; 99% Cl, 0.99-1.23), though conventional analysis with a
95% Cl was statistically significant.’® Notably, the median TSAT
in HEART-FID was 24%, considerably higher than the 15% re-
ported in both AFFIRM-AHF and IRONMAN. This raises concerns
that the true prevalence of ID in the HEART-FID population may
have been lower than intended, potentially affecting the ob-
served treatment effect.

Most recently, results from the FAIR-HF2 trial showed that while
IV iron lowered the primary composite of time to first HF hos-
pitalizations and CV death by 21%, the between-group differ-

OPEN aACCESS

ence did not reach statistical significance (HR, 0.79; 95% CI 0.63
to 0.99, p=0.038).° Moreover, primary endpoint results were
similar in patients with TSAT <20% (HR, 0.79; 95% Cl 0.61-1.02,
p=0.070), indicating no greater benefit in this subgroup. In a
sensitivity analysis limited to the first 12 months of treatment -
when IV iron dosing was at its peak- the hazard ratio for time to
first CV death or HF hospitalization was 0.71 (95% Cl, 0.53-0.94),
and the rate ratio for total HF hospitalizations was 0.65 (95% Cl,
0.47-0.90), indicating a significant early treatment benefit.°

In light of these inconclusive results from clinical trials, several
meta-analyses have been conducted to expand on the effect of
IV iron in HF patients with ID. The individual patient data meta-
analysis by Ponikowski et al., which pooled data from 4501 pa-
tients across three randomized trials, demonstrated that IV FCM
significantly reduced the risk of the composite outcome of CV
hospitalizations and CV death (rate ratio 0.86; 95% confidence
interval 0.75-0.98; p=0.029).2 The primary endpoint was largely
driven by hospitalizations as there was a significant reduction
in risk of HF hospitalizations but not CV or all-cause mortality.
An updated 2025 meta-analysis by Anker et al., which included
over 7,000 patients from all major contemporary IV iron trials,
including FAIR-HF2, reaffirmed and expanded upon these find-
ings.'® It reported a significant reduction in the composite of CV
death and HF hospitalizations at one year (rate ratio, 0.72; 95%
Cl, 0.55-0.89, p=0.007), and a sustained, though attenuated, ef-
fect over longer-term follow-up (rate ratio, 0.81; 95% Cl, 0.63-
0.97) was observed. There were no differences in results when
stratified according to age, NYHA class, ischemic versus non-is-
chemic HF, hemoglobin, ferritin or TSAT. However, sex differ-
ences existed, with women showing no improvement in the
primary outcome with IV iron.

Interpretation and future direction

Despite some individual trials falling short on their primary end-
points related to CV events, the totality of evidence supports a
clinically meaningful benefit of IV iron therapy in patients with
HFrEF and iron deficiency. Across trials risk of CV death and par-
ticularly HF hospitalization was lower in those receiving IV iron
compared to placebo, particularly in the first year of treatment.
Many of the recent trials were affected by the COVID-19 pan-
demic, which resulted in suboptimal dosing in subsequent
years.’® These disruptions may have reduced statistical power
and limited the generalizability of their findings. Future trial de-
signs can incorporate adaptive measures such as flexible visit
schedules, remote assessments, and predefined approaches to
handling missing data. Hospitalizations adversely impact patient
QoL and contribute to a significant financial burden to patients
and healthcare systems.'® Hence, IV iron has the potential to
benefit patients and reduce healthcare costs. Patients also ex-
perienced consistent improvements in functional outcomes
such as NYHA class, 6 MWD and QoL scores. While long-term ef-
fects on mortality remain uncertain, the safety profile of IV iron
has been reassuring, with no significant differences in adverse
events- including all-cause mortality, CV mortality, or infection-
at three years.>% Economic analysis of the AFFIRM-AHF trial
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demonstrated that IV FCM is a cost-effective therapy for pa-
tients with HF and IDA, reinforcing its potential value for health-
care systems and policy decision-making.'’

Future studies are needed to evaluate the impact of higher
doses of IV iron following the initial loading phase. Additionally,
there is a need to revisit the definition of iron deficiency, with
TSAT <20% potentially serving as a standalone criterion.’® Re-
cent observational data indicate that this threshold may better
predict adverse outcomes in heart failure than the traditional
combined ferritin/TSAT definition, which could influence future
guidelines and trial design.'® However, findings from FAIR-HF2
showed no greater benefit in patients with TSAT <20%, high-
lighting the need for future studies to explore the optimal TSAT
cutoff for defining iron deficiency in HF. Emerging biomarkers,
such as soluble transferrin receptor (sTfR), either alone or in
combination with other indices such as the sTfR to ferritin ratio,
or a combination of TSAT with C-reactive protein, may enhance
the assessment of iron deficiency in HF, although their clinical
utility requires further investigation.*® Notably, women did not
appear to benefit from IV iron, with no observed reduction in
HF hospitalizations or cardiovascular mortality, highlighting the
need for further investigation into sex-specific responses. Po-
tential explanations include sex-related differences in iron me-
tabolism, such as menstrual blood loss and greater iron turnover
in premenopausal women and low estrogen levels in post-
menopausal women leading to elevated hepcidin, reduced iron
absorption, and diminished response to IV iron.?’ These findings
underscore the need for future trials to stratify enrollment and
be adequately powered for sex-specific analyses to clarify these
disparities. Lastly, trials are also warranted to assess the efficacy
of IV iron in patients with HF with preserved ejection fraction.
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