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ABSTRACT 

Introduction and Purpose 

Iron deficiency in patients with heart failure is a common problem of which they are often 

unaware. It is associated with a worse prognosis compared to patients suffering with heart 

failure without iron deficiency. An important point in the diagnosis in patients with heart failure 

would be the determination of iron in the blood, in order to catch patients eligible for 

intravenous iron administration. The aim of the study was to investigate whether intravenous 

iron administration could affect quality of life in these patients and further reduce hospital 

admissions for heart failure exacerbations and deaths caused by cardiovascular events. 

Material and Methods 

A comprehensive literature review was conducted using the PubMed and Google Scholar 

database. We used the key words: ‘heart failure’ in combination with medical terms referring 

to iron status or its therapeutic use , “iron deficiency”, “intravenous iron”, “intravenous ferric 

carboxymaltose”, “intravenous ferric derisomaltose” in various combinations.  

Results and conclusions 

Intravenous iron administration in patient with heart failure with reduced ejection fraction and 

iron deficiency reduces symptoms, improves quality of life, exercise tolerance and reduces 

hospital admissions for heart failure. It is very important to actively look for iron deficiency in 

patients with heart failure, and then patients who meet the criteria should be provided with an 

intravenous iron administration. 

Keywords: heart failure, iron deficiency, intravenous ferric carboxymaltose, intravenous ferric 

derisomaltose 
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The role of iron  

Iron is a crucial microelement for the body’s homeostasis, cellular energy and metabolism [1].  

Iron can move between two oxidative states Fe3+ or Fe2+, that allows it to be a cofactor for 

different enzymes and the catalyst for biochemical reactions [2]. 

Iron is a component of proteins with specific cellular functions such as enzymes, transport and 

structural proteins, that’s why iron plays a very essential role in many physiological processes: 

as a component of haemoglobin it ensures proper oxygen transport, as a component of 

myoglobin it enables oxygen storage in the body, as a component of oxidative enzymes and 

respiratory chain protein it is involved in energy production in the mitochondria [3].  

In addition, iron is involved in the metabolism of cardiac and skeletal muscle and provides 

synthesis, degradation of proteins, lipids, ribonucleic acids and mitochondrial function [1]. 

Iron is also used for optimal haematopoiesis and is important in maintaining cellular energy and 

metabolism of cells with high mitogenic potential like hematopoietic or immune cells and high 

energy requirements like hepatocytes, adipocytes, bone and cardiac myocytes or kidney cells 

[4]. 

The presence of iron deficiency can have multiple clinical consequences. In addition to its direct 

effect on erythropoiesis, it can also lead to complications related to oxidative metabolism, 

cellular energetics, and immune mechanisms [4]. Since cardiac myocytes are particularly 

sensitive to depletion of iron stores, abnormal myocardial and skeletal muscle energy 

production and utilization contribute to the pathophysiology of heart failure [5].  

 

Table 1.The importance of iron to the body (based on [5]). 

 

 

 

 

Results of iron deficiency

-Mitochondrial 
dysfunction

- Deranged activity 
of enzymes

-Apoptosis

Abnormal heart 
remodelling

- Impaired exercise 
capasity

- Increased 
morbidity and 

mortality
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Heart failure 

Heart failure (HF) is a disease entity with diverse etiology and pathogenesis that is a main cause 

of morbidity and mortality in adults worldwide [6]. The disorder is caused by structural or 

functional impairment of ventricular filling or ejection of blood [7]. Currently, patients with 

heart failure are most commonly classified as suffering from: 

- heart failure with reduced ejection fraction (HFrEF): left ventricular ejection fraction (LVEF) 

<40%, 

- heart failure with mildly reduced ejection fraction (HFmrEF): LVEF 40-49% 

- heart failure with preserved ejection fraction (HFpEF): LVEF ≥50% [8].  

Acute or chronic heart failure is a major cause of recurrent hospitalizations and early 

readmissions, accounting for particularly high morbidity and costs. Patients have a lower 

quality of life and their survival is severely compromised [9]. 

ESC guidelines for the management of HF emphasize the need to address risk factors and 

comorbidities that exacerbate HF symptoms and adversely affect prognosis [10]. Among the 

relevant risk factors, the current guidelines highlight anaemia and iron deficiency, which also 

worsens the prognosis of patients with HF independently of anaemia comorbidities [11]. 

Anaemia versus iron deficiency 

According to the World Health Organization (WHO), anaemia is defined as hemoglobin 

concentration of less than 12.0 g/dl in women and 13.0 g/dl in men (table 2) [12,13].  

In different studies, we can see large discrepancies in the prevalence of anaemia in patients with 

HF (the range includes 5-70%), it depends on the definition of anaemia used and the clinical 

characteristics of the patients included in the study. Anaemia increases in proportion to age, 

severity of heart failure and comorbidities, in addition, it more often affects the female sex [6]. 

 

Table 2. Definitions of anaemia (according to the World Health Organization) and iron 

deficiency in patients with heart failure (based on [12,6]). 

Anaemia 

Peripheral blood haemoglobin concentration: 

<12.0 g/dl in women 

<13.0 g/dl in men 

 

Iron deficiency: 

Ferritin concentration <100 µg/l or 100-299 µg/l with Tsat < 20%. 

Tsat - transferrin saturation 
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Iron deficiency can occur independently of the presence of anaemia or lead to its development 

[14]. Iron deficiency with or without anaemia is associated with poorer quality of life, reduced 

aerobic capacity and exercise intolerance, and a worse prognosis [15]. 

A multicenter study of a population of patients with HF showed the prevalence of iron 

deficiency in 58% of patients, meanwhile, anaemia was diagnosed in only 35% of patients [16]. 

Iron deficiency, independent of anemia, has been shown to be associated with increased 

mortality, hospitalization and early readmission. Interestingly, patients with isolated iron 

deficiency had a worse prognosis compared to those with anaemia and no iron deficiency [9]. 

The trials on intravenous iron supplementation in heart failure 

Iron is an essential nutrient; as a cofactor, it is involved in many important cellular functions 

[1]. Patients with HFrEF are particularly susceptible to iron deficiency, which is associated in 

them with reduced exercise capacity, lower quality of life (QoL) and worse prognosis, 

regardless of the presence of anaemia [17].  

This issue has led to trials of intravenous iron supplementation in heart failure patients who 

meet criteria for iron deficiency. CONFIRM-HF, AFFIRM-AHF, IRONMAN and FAIR-HF 

are multicentres, randomized, placebo-controlled trials that have demonstrated symptomatic 

benefit after the inclusion of intravenous (i.v.) iron treatment in patients with heart failure with 

reduced ejection fraction and iron deficiency (table 3). 

CONFIRM-HF involved 304 patients. They were treated on an outpatient basis. Patients 

suffered from symptomatic heart failure with left ventricular ejection fraction ≤45%, iron 

deficiency (ferritin <100ng/ml or 100-300ng/ml with transferrin saturation <20%, haemoglobin 

(Hb) <15 g/dl) and elevated natriuretic peptide levels. Participants were randomly assigned 

(1:1) to receive treatment with i.v. iron, as ferric carboxymaltose (FCM) or placebo as saline 

for 52 weeks. The change in distance in the 6-minute walk test (6MWT) by 24 week was the 

primary endpoint. In the secondary endpoints researchers assessed changes in New York Heart 

Association (NYHA) class, Patient Global Assessment (PGA), 6MWT distance, health-related 

quality of life (QoL), Fatique Score at weeks 6,12, 24, 36 and 52, and the effect of FCM on the 

rate of hospitalization for worsening HF. The results showed a reduction in the risk of 

hospitalization for heart failure exacerbation. Additionally NYHA class, PGA, QoL and Fatigue 

Score improved in patients, who were treated with FCM [18]. 

AFFIRM-AHF involved 1108 patients, who were hospitalized for acute heart failure with left 

ventricular ejection fraction <50% and iron deficiency (ferritin <100 μg/L or 100-299 μg/L with 

transferrin saturation <20%). Participants were randomly assigned (1:1) to receive treatment 

with intravenous iron in the form of iron carboxymaltose or saline as placebo for 24 weeks. The 
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composite number of hospitalizations for heart failure and death from cardiovascular causes 

through week 52 was the primary endpoint. In results, the risk of hospitalization for heart failure 

decreased, with no clear effect on the risk of cardiovascular death [19].   

IRONMAN involved 1137 patients, who were treated on an outpatient basis. Patients suffered 

from heart failure with left ventricular ejection fraction ≤45% in the previous 24 months and 

iron deficiency (ferritin <100 μg/L or transferrin saturation <20%). Participants were randomly 

assigned (1:1) to receive intravenous ferric derisomaltose or saline as placebo. A mean follow-

up lasted 2.7 years (IQR 1.8-3.6). The primary endpoint was recurrent hospital admissions for 

heart failure and death from cardiovascular causes. Researchers found that ferric derisomaltose 

administration was associated with a lower risk of hospitalization for heart failure and death 

from cardiovascular causes [20]. 

The FAIR-HF trial enrolled 459 patients with a left ventricular ejection fraction ≤40% in 

patients with NYHA class II or ≤45% in patients with NYHA class III and iron deficiency 

(ferritin <100 μg/L or ferritin 100-299 μg/L if transferrin saturation <20%) and a haemoglobin 

level was 95-135 g/L. Patients were randomly allocated (2:1) to receive intravenous iron 

carboxymaltose or placebo as saline. Patient self-assessment of global assessment and NYHA 

functional class were the primary endpoints, both at week 24. Researchers found that 

intravenous iron carboxymaltose treatment in patients with chronic heart failure and iron 

deficiency, with or without anaemia,  improved symptoms, functional capacity and quality of 

life [21]. 

Table 3. The comparison of trials over intravenous iron treatment. 

 CONFRIM-HF AFFIRM-AHF IRONMAN FAIR-HF 

Patient population Ambulatory, 

symptomatic HF,  

LVEF ≤45%, 

NYHA II/III, 

F<100 or Tsat<20 

+ F100-300, 

Hb<15 

 

Hospitalized HF, 

LVEF<50%, 

NT-proBNP↑, 

Hb 8–15, 

F < 100 

or Tsat < 20% + F

100–299 

Hospitalized HF 

or ambulatory HF 

with NT-

proBNP↑/ BNP↑, 

LVEF≤45%, 

Tsat<20 or F<100 

LVEF ≤45%, 

NYHA II-III, 

F<100 or 

Tsat<20 + 

 F100-299, 

Hb 9.5-13.5 

 

Number of 

patients, (FAS) 

304  1108  1137  459  
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Randomisation 

(i.v. iron:control) 

(1:1) (1:1) (1:1) (2:1) 

Comparator ferric 

carboxymaltose 

vs placebo 

ferric 

carboxymaltose 

vs placebo 

ferric 

derisomaltose vs 

placebo 

ferric 

carboxymaltose 

vs placebo 

Double-blind Yes Yes Yes Yes 

Study duration 52 weeks 52 weeks Median follow-up  

2,7 years (IQR 

1,8–3,6) 

24 weeks 

Primary 

endpoint(s) 

Change in 6MWT 

from baseline to 

24 week  

Composite of 

total 

hospitalisations 

for heart failure 

and 

cardiovascular 

death up to 52 

weeks  

Recurrent hospital 

admissions for 

heart failure and 

cardiovascular 

death 

The self-

reported PGA 

and NYHA 

functional 

class, both at 24 

week  

6MWT, 6-minute walk test; BNP, brain natriuretic peptide; NT-proBNP, N-terminal pro b-type 

natriuretic peptide; HF, heart failure; PGA, patient global assessment; NYHA, New York 

Association; Hb, haemoglobin (g/dl); FAS, full analysis set; LVEF, left ventricular ejection 

fraction; Tsat, transferrin saturation; F, ferritin (ng/ml) 

Oral iron treatment as an alternative method 

IRONOUT HF was designed to test whether, oral iron supplementation in patients who suffer 

from heart failure with iron deficiency improves exercise capacity after 16 weeks of therapy. 

The trial included 225 patients with HFrEF (<40%) and iron deficiency (ferritin 15-100 ng/ml 

or ferritin 101-299 ng/ml if transferrin saturation <20%). Participants were randomly allocated 

(1:1) to oral iron polysaccharide or placebo for 16 weeks. A change in peak oxygen uptake 

(VO2) during 16 weeks was the primary endpoint. In the result it was found that high-dose oral 

iron did not improve exercise capacity over 16 weeks in patients with HFrEF with iron 

deficiency [22]. 

Conclusions 

Iron deficiency is common in patients with heart failure and indicates a poorer prognosis [23]. 

Based on the findings of the presented trials, intravenous iron supply in heart failure patients 

with reduced ejection fraction and iron deficiency reduces symptoms, improves quality of life 
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and exercise tolerance, which has not been demonstrated with oral iron therapy [22,24]. The 

totality of evidence suggests that intravenous iron administration reduces hospital admissions 

for heart failure [20]. However, there are still uncertain results showing a reduction in 

cardiovascular mortality [25]. The consistency of findings suggests that intravenous iron 

therapy has an overall benefit in a broad group of patients with iron-deficient heart failure, 

which may be independent of the type of intravenous iron complex used [20]. 
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