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ABSTRACT
Objectives  For patients with a reduced left 
ventricular ejection fraction (LVEF) heart failure with 
reduced ejection fraction (HFrEF) and iron deficiency, 
administration of intravenous iron improves symptoms, 
exercise capacity and may in the following 12 months, 
reduce hospitalisations for heart failure. The Effectiveness 
of Intravenous iron treatment versus standard care 
in patients with heart failure and iron deficiency 
(IRONMAN) trial evaluated whether the benefits of 
intravenous iron persist in the longer term and impact on 
morbidity and mortality.
Methods  IRONMAN is a prospective, randomised, 
open-label, blinded endpoint (PROBE) event-driven trial. 
Patients aged ≥18 years with HFrEF (LVEF ≤45%) and 
evidence of iron deficiency (ferritin <100 µg/L and/or 
TSAT <20%) were enrolled if they had either a current or 
recent hospitalisation for heart failure or elevated plasma 
concentrations of a natriuretic peptide. Participants 
were randomised to receive, or not to receive, 
intravenous ferric derisomaltose in addition to guideline-
recommended therapy for HFrEF. Every 4 months, 
intravenous iron was administered if either ferritin 
was <100 µg/L or, provided ferritin was ≤400 µg/L, TSAT 
was <25%. The primary endpoint is a composite of 
total hospitalisations for heart failure and cardiovascular 
death. Hospitalisation and deaths due to infection are 
safety endpoints.
Results  Trial recruitment was completed across 70 
UK hospital sites in October 2021. Participants were 
followed until the end of March 2022. We plan to report 
the results by November 2022.
Conclusions  IRONMAN will determine whether 
repeated doses of intravenous ferric derisomaltose are 
beneficial and safe for the long-term treatment of a 
broad range of patients with HFrEF and iron deficiency.
Trial registration number  NCT02642562.

INTRODUCTION
Iron is an essential component of haemoglobin, 
myoglobin, the mitochondrial electron transport 
chain and many enzymes. Patients with heart 
failure, with or without reduced left ventricular 
ejection fraction (LVEF), often have anaemia, 
and this will usually be due to iron deficiency.1–3 
However, iron deficiency is also common in 
patients without anaemia.1–3 Iron deficiency, with 

or without anaemia, is associated with more severe 
symptoms and a worse prognosis.1–3

Placebo-controlled studies have demonstrated 
that intravenous administration of ferric carboxy-
maltose in ambulatory patients with heart failure 
and reduced LVEF (HFrEF) improves exercise 
capacity, symptoms and quality of life (QoL).4 5 Iron 
deficiency was defined as serum ferritin <100 µg/L, 
or between 100 and 300 µg/L if transferrin satura-
tion (TSAT) <20%. In both studies, the respective 
primary endpoint was evaluated at 24 weeks. A trial 
of predischarge intravenous ferric carboxymaltose 
to patients who had been hospitalised with acute 
heart failure (AFFIRM-AHF)) suggested that treat-
ment to 6 months might reduce the risk of recurrent 
hospitalisations for heart failure but not cardiovas-
cular mortality when assessed at 52 weeks, although 
the effect on its primary endpoint, a composite of 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ In patients with heart failure and reduced 
ejection fraction and associated iron deficiency, 
treatment with intravenous iron can improve 
symptoms, exercise capacity and may reduce 
hospitalisation for heart failure, in the following 
12 months.

WHAT THIS STUDY ADDS
	⇒ Effectiveness of Intravenous iron treatment 
versus standard care in patients with heart 
failure and iron deficiency (IRONMAN) is 
a randomised trial, powered to determine 
whether repeated doses of intravenous iron 
(ferric derisomaltose) are beneficial and safe 
in the long term in a broad range of patients 
with heart failure and reduced ejection 
fraction. The primary endpoint is a composite 
of total hospitalisations for heart failure and 
cardiovascular death.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ The results of IRONMAN will help to inform 
clinical practice and international guidelines 
with respect to the management of iron 
deficiency in patients with heart failure and 
reduced ejection fraction.
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recurrent hospitalisations for heart failure and cardiovascular 
death, was of borderline significance.6 A meta-analysis of seven 
randomised trials of patients with HFrEF and iron deficiency 
found that intravenous iron reduced the risk of hospitalisation 
for heart failure but was unable to demonstrate a reduction in 
cardiovascular mortality.7

Major gaps in our knowledge remain, including the long-
term benefits and safety of repeated administration of intrave-
nous iron. Although the rationale for benefit is clear, bypassing 
evolutionary systems that have evolved to prevent iron overload 
also poses theoretical risks, including increased oxidative stress, 
mitochondrial damage and infection.8 These theoretical risks 
should be confirmed or refuted by clinical evidence. The Effec-
tiveness of Intravenous iron treatment versus standard care in 
patients with heart failure and iron deficiency (IRONMAN) trial 
was designed and conducted in the UK to investigate the benefits 
and safety of repeated doses of intravenous ferric derisomaltose 
over an extended period, which should help inform clinical prac-
tice and international guidelines.

TRIAL DESIGN
IRONMAN is a prospective, randomised open-label, blinded 
endpoint (PROBE) event-driven trial designed to assess the 
efficacy and safety of intravenous ferric derisomaltose in symp-
tomatic patients with HFrEF and iron deficiency. The endpoints 
committee adjudicating events are kept blinded to assigned 
treatment.

Patients aged  ≥18 years with new or established symptom-
atic HFrEF (LVEF ≤45% within the preceding 24 months) were 
invited to participate. Iron deficiency was defined as serum 
ferritin  <100 µg/L and/or TSAT  <20%. In addition, patients 
either had to have a current or recent (<6 months) admission 
for heart failure (including daycare intravenous diuretics) or 
have increased plasma concentrations of a natriuretic peptide 
(NT-proBNP >250 ng/L in sinus rhythm or >1000 ng/L in atrial 
fibrillation or equivalent for BNP, box 1).

Patients were excluded if they had high ferritin (>400 µg/L), a 
haemoglobin <9.0 g/dL or an estimated glomerular filtration rate 
(eGFR)  <15 mL/min/1.73 m2. Iron deficiency is less common 
when haemoglobin is more than 1 g/dL above the WHO defi-
nition of anaemia. Accordingly, to reduce screen failures, men 
with a haemoglobin >14 g/dL and women with values >13 g/dL 
were excluded. A detailed list of inclusion and exclusion criteria 
is shown in box 1.

TRIAL PLAN
An overview of the trial is shown in figure 1 and schedule of 
assessments in the online online supplemental appendix 1. 
Written informed consent was obtained for participation in the 
trial, with additional optional consent for follow-up of electronic 
medical records (from 1 year prior to consent until 10 years after 
trial completion) and to provide blood samples at baseline, 4 and 
20 months for subsequent biomarker analysis.

Randomisation
Consenting and eligible patients were randomised with equal 
probability to the two treatment arms, stratifying by recruit-
ment context (in hospital, recently discharged or ambulatory 
with elevated natriuretic peptide) and trial site, using a web-
based system based on randomised, permuted blocks of variable 
size.

Treatment
Participants assigned to intravenous iron were administered ferric 
derisomaltose by infusion at a dose determined by haemoglobin 
value and body weight (table 1). At each visit, investigators were 

Box 1  Inclusion/exclusion criteria

Inclusion criteria
Age ≥18 years
Left ventricular ejection fraction (LVEF) ≤45% within the last 
2 years using any conventional imaging modality (most recent 
assessment)
NYHA class II–IV
Iron deficient – defined as transferrin saturation (TSAT) <20% 
and/or ferritin <100 ug/L.
Evidence of being in a higher risk heart failure group:
1.	 Current or recent (within 6 months) hospitalisation for heart 

failure.
2.	 Outpatients with NT-proBNP >250 ng/L in sinus rhythm or 

>1000 ng/L in atrial fibrillation (or BNP >75 pg/mL or 300 pg/
mL, respectively).

Able and willing to provide informed consent.

Exclusion criteria
Haemoglobin <9 g/dL or 13 g/dL in women or >14g/dL in men.
Ferritin >400ug/L.
eGFR <15 mL/min/1.73 m2 (MDRD/CKD-EPI).
Already planned to receive intravenous iron.
Likely to need or already receiving erythropoiesis-stimulating 
agents.
Blood transfusion in the previous 3 months or active clinically 
relevant bleeding in the investigator’s opinion or known or 
suspected gastrointestinal malignancy.
Planned cardiac surgery or revascularisation.
Any major vascular event in the previous 3 months, including 
type 1 myocardial infarction, cerebrovascular accident, major 
cardiovascular surgery or percutaneous coronary intervention.
Awaiting or treated by cardiac transplantation or left ventricular 
assist device.
Active infection (if the patient has significant ongoing infection, 
recruitment should be postponed until it has resolved or been 
controlled).
Any disease other than heart failure with a life expectancy of <2 
years.
Pregnancy, breast feeding or childbearing potential in the 
absence of effective contraception.
Contraindication to intravenous iron according to contemporary 
Summary of Product Characteristics including hypersensitivity 
to Monofer ® or any of its excipients; known serious 
hypersensitivity to other parenteral iron products; anaemia 
due to causes other than iron deficiency (eg, haemolytic 
anaemia); iron overload or disturbances in utilisation of iron (eg, 
haemochromatosis and haemosiderosis); and decompensated 
liver disease.
Participation in another intervention study involving a drug or 
device within the past 90 days (coenrolment in observational 
studies is permitted).

BNP, B-type natriuretic peptide; CKD-EPI, Chronic Kidney Disease Epidemi-
ology Collaboration; eGFR, estimated glomerular filtration rate; LVEF, left 
ventricular ejection fraction; MDRD, modification of diet in renal disease; 
NYHA, New York Heart Association; NT-proBNP, N-terminal pro B-type 
natriuretic peptide.
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encouraged to optimise heart failure therapy for both groups, 
according to contemporary guidelines.

A key goal was to try and ensure that those assigned to intra-
venous iron were kept iron replete, with redosing with intra-
venous ferric derisomaltose at the 4-week review and every 4 
months after randomisation if either the ferritin was <100 µg/L 
or, provided ferritin was ≤400 µg/L, TSAT was <25%. If iron 
deficiency recurred, investigators were encouraged to consider 
further investigations for potential sources of blood loss. Oral 
iron supplementation was permitted at the discretion of the 
investigator in the standard care arm. Any use of non-trial iron 
supplements was recorded.

The data collected at each timepoint varied, with more 
in-depth assessment taking place at randomisation, 4 and 
20 months (figure  1, online supplemental appendix 1). This 
included detailed laboratory analysis (local laboratories), 6 min 
walk test (where possible) and assessments of QoL (Minnesota 
Living With Heart Failure and EQ-5D).

Primary and secondary efficacy endpoints
The primary and secondary efficacy endpoints are summarised 
in box  2. The primary endpoint consists of total hospitalisa-
tions for heart failure (first and recurrent) and cardiovascular 
death. Hospitalisations for heart failure include events where 
heart failure was the primary or a major contributory reason for 
admission (with a minimum of an overnight stay). For instance, 
a patient admitted with a primary diagnosis of atrial fibrilla-
tion or myocardial ischaemia who had, at the time of admis-
sion, worsening breathlessness and/or increasing peripheral 
oedema requiring treatment with a loop diuretic, would count 
as a primary endpoint. To reduce double counting of events, 
cardiovascular death during a hospitalisation for heart failure 

and readmissions for heart failure occurring on the same day 
as discharge from a previous heart failure admission are not 
counted as recurrent events.

Safety assessments
Investigators are asked to report serious adverse events (SAEs). 
This does not include routine treatment or monitoring of heart 
failure; elective or preplanned treatment for a pre-existing non-
cardiac condition; any admission for general care without dete-
rioration in health; and treatment on an emergency, outpatient 
basis for an event not fulfilling the definition of an SAE.

All emergency day-case treatments for heart failure or elective 
percutaneous coronary intervention or cardiac device insertion 
are to be recorded as SAEs. Investigators are expected to report 
all blood transfusions and any important bleeding event, even if 
it does not require hospitalisation or was not life threatening. 
Death due to infection and hospitalisation due to infection are 
secondary safety endpoints.

Record linkage to national databases of deaths, hospital 
admissions and incident cancers is planned at the end of the 
trial in England and Scotland and for deaths in Wales to ensure 
complete reporting of events.

Sample size and statistical analysis
Sample size calculations based on recurrent event analyses are 
difficult (additional sample size calculations are given in online 
supplemental appendix 2). Conservatively, we based our calcu-
lations on a time to first event analysis in a Cox proportional 
hazards model. We expected to recruit half the participants 
during a hospitalisation. The anticipated first primary endpoint 
rate in the control group was 60% at 3 years. We estimated that 

Figure 1  Overview of the Ironman trial: visit schedule and procedures. *See box 1 for full list of inclusion and exclusion criteria. CRP, C reactive 
protein; EGFR, estimated glomerular filtration rate; SAE, serious adverse event.

Table 1  Intravenous ferric derisomaltose infusion dose regimen

Haemoglobin Body weight <50 kg* Body weight 50– <70 kg Body weight ≥70 kg

≥10 g/dL 20 mg/kg 1000 mg 20 mg/kg up to a maximum of 1500 mg

<10 g/dL 20 mg/kg 20 mg/kg 20 mg/kg up to a maximum of 2000 mg

The dosing table permits an estimation of iron need and utilises a pragmatic approach that takes into consideration a patient’s weight and haemoglobin concentration. Doses up 
to and including 1000 mg – infused over >15 min. Doses exceeding 1000 mg – infused over 30 min or more.
*At trial design guidance for calculating iron need for this patient group was limited; therefore, a pragmatic administration approach was taken to ensure patients did not 
receive higher than the maximum licenced dose.
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570 participants per group (yielding 631 first primary outcomes) 
would provide 80% power to detect an HR of 0.8 at the 5% 
significance level. Allowing for non-cardiovascular mortality 
and some withdrawals of consent for follow-up, we intended to 
recruit 650 patients per group.

The Independent Data Monitoring Committee (IDMC) 
conducted interim analyses of the primary endpoint when 
approximately 50% and 70% of the target number of first 
primary endpoints had been reached, requiring p<0.001 to 
recommend early stopping.

The primary endpoint will be analysed by the method of Lin 
et al9 including the randomised treatment group and recruitment 
context as covariates. The estimated rate ratio, 95% CI and p 
value will be reported, with accumulated events displayed using 
the method of Ghosh and Lin.10

Secondary endpoints will be analysed hierarchically in the 
order shown in box 2, if the primary analysis is significant at the 
5% level. Endpoints in the list will continue to be tested until 

one fails to reach 5% significance. Power calculations have been 
carried out for the first four secondary endpoints (online supple-
mental appendix 2).

Secondary endpoints involving recurrent events will be anal-
ysed as for the primary endpoint. Time to first event outcomes 
will be analysed using Cox proportional hazards models 
including treatment effect and recruitment context, with the 
treatment effect HR and 95% CIs estimated with associated p 
values using the Wald statistic and treatment groups compared 
graphically using cumulative incidence functions.

QoL scores and 6 min walk tests results at 4 and 20 months 
will be compared between randomised treatment groups using 
analysis of covariance, with treatment group and stratification 
variable as covariates.

Subgroup analyses will be carried out for the primary 
endpoint, analysed as a recurrent event and then separately as 
time-to-first event.

A formal Statistical Analysis Plan will be finalised before trial 
database lock.

Modifications to sample size
In practice, we recruited mainly outpatients who had a lower 
rate of events; recruitment was slower than expected, especially 
during the COVID-19 pandemic, which also may have reduced 
cardiovascular admissions, resulting in a lower event rate for the 
primary endpoint. This, in combination with likely patient and 
investigator fatigue, led the Trial Steering Committee (TSC) to 
revise the power calculation for the trial. Assuming an HR of 
0.75, as in AFFIRM-AHF trial,11 we calculated that 379 first 
primary endpoints would now provide 80% power at the 5% 
significance level.

Analyses based on patients randomised until the end of March 
2020 with a censoring date of 30 September 2020 will be carried 
out to assess the impact of the COVID-19 pandemic on the 
results.

Trial oversight and management
National Health Service Greater Glasgow and Clyde and the 
University of Glasgow are cosponsors for the trial, supported 
by the Glasgow Clinical Trials Unit with trial data and statistical 
centre in the Robertson Centre for Biostatistics, University of 
Glasgow.

Four committees were established to oversee the trial delivery 
(memberships detailed in online supplemental appendix 3): TSC, 
IDMC, Trial Management Group and the Clinical Endpoint 
Committee. An overview of committee roles is provided in 
box 3.

Patient and public involvement
Patients were involved at all stages of trial design, including 
membership of the TSC.

Results
Participants were enrolled in UK centres from August 2016 
to October 2021 (list of investigators in online supplemental 
appendix 4). Follow-up will be completed by April 2022. It is 
anticipated that the results will be presented by November 2022.

DISCUSSION
The IRONMAN trial will provide important information on the 
benefits and safety of intravenous ferric derisomaltose, in patients 
with HFrEF and iron deficiency. IRONMAN has important 
differences from previous studies of intravenous iron in heart 

Box 2  Primary and secondary endpoints

Primary endpoint
Cardiovascular (CV) mortality or hospitalisation for worsening 
heart failure (analysis will include recurrent hospitalisations)

Secondary endpoints

Secondary efficacy
1.	 Hospitalisation for worsening heart failure (recurrent 

events).
2.	 CV hospitalisation (first event)
3.	 CV death or hospitalisation for heart failure analysed as 

time to first event.
4.	 Overall Score from Minnesota Living with Heart Failure at 4 

months.
5.	 Cardiovascular mortality.
6.	 Overall EQ-5D visual analogue score (VAS) at 4 months.
7.	 Overall EQ-5D index at 4 months.
8.	 CV mortality or hospitalisation (first event) for major CV 

event including: stroke, myocardial infarction and heart 
failure.

9.	 All-cause mortality.
10.	 All-cause hospitalisation (first event).
11.	 Combined all-cause mortality or first all-cause unplanned 

hospitalisation.
12.	 Physical domain of Minnesota Living With Heart Failure at 4 

months.
13.	 Physical domain of Minnesota Living With Heart Failure at 

20 months.
14.	 Overall EQ-5D VAS at 20 months.
15.	 Overall EQ-5D index at 20 months.
16.	 Overall Score from Minnesota Living with Heart Failure at 20 

months.
17.	 Days dead or hospitalised at 3 years.
18.	 Quality-adjusted days alive and out of hospital at 12 

months.
19.	 Six minute walk test at 4 months.
20.	 Six minute walk test at 20 months.

Secondary safety
1.	 Death due to infection.
2.	 Hospitalisation primarily for infection.
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failure. IRONMAN recruited a broad range of patients from 
outpatients and admissions including some with new-onset heart 
failure. There were relatively few exclusion criteria. Anticipating 
that we would recruit older people with other medical problems 
and that many participants’ circumstances would change during 
follow-up, the protocol permitted follow-up by telephone and/
or participants’ medical records, if they were unable or unwilling 
to attend in person. We expected that most participants would 
consent to record linkage thereby ensuring complete ascertain-
ment of clinical outcomes. These aspects of the trial design have 
helped maintain data collection throughout the challenges of the 
COVID-19 pandemic. If the trial indicates benefit, then a health 
economic analysis will be conducted.

Definition of iron deficiency
There remain uncertainties regarding the best readily available 
blood test to identify iron deficiency in patients with chronic 
disease, including heart failure. Previous studies4–6 defined iron 
deficiency as a ferritin <100 µg/L or, if ferritin was between 100 
and 300 µg/L, a TSAT <20%. IRONMAN has a slightly broader 
definition (ferritin <100 µg/L or TSAT <20% provided ferritin 
is ≤400 µg/L). Iron homeostasis in patients with chronic disease 
is complex. For patients with chronic heart failure, inflamma-
tion rather than iron deficiency may be a key determinant of 
serum ferritin. Moreover, inflammatory signalling leading to 
an increase in hepcidin may reduce iron absorption in the gut, 
rendering oral iron supplements ineffective.12 The important 
clinical attribute of markers of iron deficiency is their ability to 
predict a therapeutic response. Iron deficiency is common in 
patients with heart failure and lower haemoglobin, and it may 
make little difference which marker is used. Many patients with 

heart failure will fulfil all the different proposed definitions for 
iron deficiency.3

Iron preparation and dosing
Published trials4–6 evaluated relatively low doses of intravenous 
iron with repeated administration when insufficient iron was 
given initially or when iron deficiency recurred (according to 
the same definition). In CONFIRM-HF (placebo controlled trial 
evaluating change in 6 min walk test between baseline and 24 
weeks), after initial correction of iron deficiency, maintenance 
treatment was given at a limited dose of 500 mg intravenous ferric 
carboxymaltose at weeks 12, 24 and 36 if iron deficiency was 
present.5 AFFIRM-AHF used a dosing regimen of 500–1000 mg 
of intravenous ferric carboxymaltose in the repletion phase 
(weeks 0 and 6) and, if iron deficiency persisted, 500 mg at 
weeks 12 and 24.6 If iron deficiency adversely affects well-being 
and prognosis, which can be improved by correcting the defi-
ciency, then it makes sense to ensure that patients are kept iron 
replete rather than awaiting the recurrence of iron deficiency 
before intervening. To maintain iron repletion in IRONMAN 
patients were assessed every 4 months and, in contrast to other 
trials, redosed if TSAT was <25% (rather than 20%) provided 
serum ferritin was ≤400 µg/L, or if ferritin was <100 µg/L.

IRONMAN is the first large trial in heart failure to investigate 
ferric derisomaltose, which can be given as a rapid, high-dose 
infusion (up to 20 mg/kg). Total dose replenishment was given 
whenever possible. From a healthcare provider (and patient) 
perspective, correction of iron deficiency with a single high-
dose infusion is attractive. The trial will provide data on longer 
term iron requirement for patients receiving optimal guideline-
directed treatment.

While oral iron was permissible in the standard of care arm, 
IRONMAN is not designed to determine if intravenous iron is 
better than oral iron.

Trial duration
Although AFFIRM-AHF and IRONMAN enrolled similar 
numbers of patients, follow-up was for 12 months in 
AFFIRM-AHF and will be considerably longer in IRONMAN, 
up to 5.6 years. It is plausible that the relatively short follow-up 
in AFFIRM-AHF impacted on the finding that there was no 
obvious effect of intravenous iron on cardiovascular death 
(occurred in 77 patients administered ferric carboxymaltose and 
in 78 assigned to placebo: HR 0.94 (0.68–1.29); p=0.69).6

Although blinding is normally an important part of trial design, 
there are occasions where it is very difficult to implement. Iron 
infusions are dark brown, and there are few placebo alternatives. 
Ensuring a patient does not see what is going into their arm is 
difficult. It is even harder to blind the investigator, who should 
not be aware of the haemoglobin, blood tests for iron deficiency 
or what the participant will receive. This requires blinded and 
unblinded teams at every centre. Feedback from research teams 
and patient representatives was that this was unrealistic. As such, 
IRONMAN incorporated a PROBE design. For studies where 
the primary endpoint is QoL or exercise capacity, blinding is 
essential. Outcomes such as heart failure hospitalisation and 
cardiovascular death are less prone to bias when adjudicated 
blindly by an independent committee, as in IRONMAN.

Other considerations
Inevitably, COVID-19 will have influenced the IRONMAN trial. 
Some participants will have had COVID-19 infections, and some 
will have died from COVID-19. Visits to research clinics were 

Box 3  Committee roles and responsibilities

The trial is cosponsored by National Health Service (NHS) 
Greater Glasgow and Clyde and the University of Glasgow. 
Four committees have been established to oversee the trial 
delivery (membership of these committees is detailed in online 
supplemental appendix 3).

	⇒ Trial Steering Committee (TSC): the TSC includes an 
independent chairperson, at least two other independent 
members, a representative from the British Heart Foundation 
and a patient representative. The TSC provides overall 
supervision of the trial, ensuring it is conducted in accordance 
with the principles of Good Clinical Practice (GCP) and the 
relevant regulations. The TSC is responsible for approving the 
trial protocol and any protocol amendments.

	⇒ Independent Data Monitoring Committee (IDMC): the IDMC 
consists of three independent experts (a cardiologist, a 
renal physician and a biostatistician) and is responsible for 
overseeing trial conduct, conducting interim analyses and 
monitoring patient safety.

	⇒ Clinical Endpoint Committee (CEC): the CEC carry out blinded 
assessment of all clinical events identified as potentially 
relevant to the designated secondary health outcomes. This 
included blinded adjudication of all hospitalisations and 
deaths.

	⇒ Trial Management Group (TMG): the TMG comprises the chief 
investigator, other coapplicants, project manager and sponsor 
representatives and meet frequently to monitor all aspects of 
trial conduct and progress and to ensure protocol adherence.
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curtailed during the pandemic, and therefore, assessing patients 
for recurrent iron deficiency and redosing with iron was impos-
sible at times. There has been a reduction in hospitalisations for 
heart failure in the UK, as in many other countries, during the 
pandemic.13 Many hospitals introduced ambulatory care for 
heart failure to try to reduce the need for admission. We will 
include a COVID-19 sensitivity analysis including all patients 
randomised until the start of the first UK lockdown (end of 
March 2020). Clinical experience suggests most patients do not 
need frequent redosing with intravenous iron once fully replete. 
Accordingly, we assume that most patients assigned to intrave-
nous iron remained iron replete until 30 September 2020, which 
will be used as the censoring date for the COVID-19 sensitivity 
analysis.

The primary endpoint in IRONMAN includes recurrent hospi-
talisation for heart failure. It has been proposed that this is the 
most clinically relevant endpoint for patients with heart failure, 
capturing the total impact of treatment.14 It was hoped that this 
would increase statistical power. However, recent randomised 
trials have raised uncertainty about the benefit of recurrent event 
analysis on statistical power.15 16

Safety of intravenous iron
There are theoretical risks associated with repeated intravenous 
iron dosing. Labile (free) iron can result in the generation of reac-
tive oxygen species, which could lead onto oxidative stress and 
cell damage.17 A meta-analysis of studies across a broad range of 
conditions found that intravenous iron was associated with an 
increased risk of infection (rate ratio (RR) 1.17; 95% CI 1.04 to 
1.31).8 This was not confirmed across heart failure studies. Most 
studies did not define infection a priori, and the authors note 
potential bias. A trial investigating liberal versus conservative 
dosing with intravenous iron sucrose in haemodialysis patients 
found no difference in infection rates.18 IRONMAN, with death 
and hospitalisation due to infection as safety endpoints, will help 
clarify the long-term safety of intravenous iron in patients with 
heart failure.

Two other ongoing randomised outcome trials of intra-
venous ferric carboxymaltose include patients with HFrEF: 
HEART-FID19 and FAIR-HF 2 (NCT03036462). Important 
differences (see online supplemental appendix 5) in trial designs 
should help establish which patients with heart failure get the 
most benefit from intravenous iron and inform the current 
disparity among international guidelines.20–22

CONCLUSION
IRONMAN will help clarify the long-term efficacy and safety 
of intravenous ferric derisomaltose in a broad range of patients 
with HFrEF.

Author affiliations
1Department of Cardiology, Portsmouth Hospitals University NHS Trust, Portsmouth, 
UK
2School of Cardiovascular and Metabolic Health, University of Glasgow, Glasgow, UK
3Golden Jubilee National Hospital, Clydebank, UK
4Division of Cardiovascular Sciences, The University of Manchester Faculty of Biology 
Medicine and Health, Manchester, UK
5Great Western Hospital, Swindon, UK
6Department of Renal Medicine, Salford Royal Hospital, Northern Care Alliance NHS 
Foundation Trust, Salford, UK
7Part of Guy’s and St Thomas’ NHS Foundation Trust, Royal Brompton and Harefield 
Hospitals, London, UK
8Department of Renal Medicine, King’s College Hospital, London, UK
9Robertson Centre for Biostatistics, University of Glasgow, Glasgow, UK
10Department of Cardiology, University Hospital Southampton NHS Foundation Trust, 
Southampton, UK

11Department of Cardiovascular Sciences, University of Leicester, Leicester, UK
12NIHR Leicester Biomedical Research Centre Cardiovascular Diseases, Leicester, UK

Twitter Paul WX Foley @paulfol24536435

Acknowledgements  We are grateful to the patient ambassadors who 
have been involved in the development of the trial. Richard Mindham (patient 
representative on the Trial Steering Committee (TSC)) coordinated input from the 
West Middlesex patient cardiomyopathy support group. The protocol was reviewed 
by an independent heart failure service (heart failure nurse specialists and patients, 
coordinated by Annie MacCallum, then Head of Gloucestershire Specialist Services). 
During protocol development, the Effectiveness of Intravenous iron treatment versus 
standard care in patients with heart failure and iron deficiency (IRONMAN) trial 
received input from the Heart Failure Clinical Study Group (British Cardiovascular 
Society/BHF/National Institute for Health Research) and the Cardiorenal Clinical 
Study Group of the UK Kidney Research Consortium.

Contributors  Study concept and design: PRK, JGC, MCP, PAK, ICM, IBS, MR, EAT, 
PP and IF. Acquisition of data (patient recruitment): PRK, MCP, FA, PF, PAK, NNL, RL, 
MTBP and IBS. Manuscript writing: PRK, JGC and IF. Critical revision of manuscript 
for intellectual content: MCP, FA, PF, PAK, NNL, RL, ICM, PP, MTBP, MR, IBS and EAT. 
All authors approved the final version and are accountable for the integrity of the 
work. IF and PK accept full responsibility for the work and/or the conduct of the 
study, had access to the data, and controlled the decision to publish.

Funding  IRONMAN is an investigator-initiated trial, designed by members of 
the TSC (​ClinicalTrials.​gov identifier: NCT02642562) and funded by the British 
Heart Foundation (grant award CS/15/1/31175). Pharmacosmos A/S provided and 
distributed ferric derisomaltose and made an additional contribution to research 
costs.

Disclaimer  Pharmacosmos A/S has no role in trial design, data analysis and 
interpretation, manuscript writing, or dissemination of results.

Competing interests  PRK: research grant support from British Heart Foundation, 
Pharmacosmos and Vifor; consultancy fees from Ackea, Amgem, Bayer, Boehringer 
Ingelheim, Boston Scientific, Napp, Novartis, Pharmacosmos, Servier and Vifor; 
payment for lectures from AstraZeneca, Bayer, Novartis, Pharmacosmos and 
Vifor; support for attending meetings from Pharmacosmos; has served as Chair 
of the British Society for Heart Failure. JGC: research grant support from Amgen, 
Bayer, Bristol Myers Squibb, Vifor, Pharmacosmos, Cytokinetics, Johnson & 
Johnson, MyoKardia, Stealth Biopharmaceuticals and Viscardia; honoraria from 
Abbott, Amgen, Bayer, Bristol Myers Squibb, Novartis, Medtronic, Idorsia, Vifor, 
Pharmacosmos, Cytokinetics, Servier, Boehringer Ingelheim, AstraZeneca, Innolife, 
Torrent, Johnson & Johnson, MyoKardia, Respicardia, Stealth Biopharmaceuticals, 
Viscardia and NI Medical. MCP: research funding from Boehringer Ingelheim, 
Roche, SQ Innovations, AstraZeneca, Novartis, Novo Nordisk, Medtronic, Boston 
Scientific and Pharmacosmos. Consultancy, payment for lectures and clinical trials 
committees: Boehringer Ingelheim, Novartis, AstraZeneca, Novo Nordisk, Medtronic, 
Abbvie, Bayer, Takeda, Cardiorentis, Pharmacosmos, Siemens, SQ Innovations and 
Vifor; MCP is supported by the British Heart Foundation (BHF) Centre of Research 
Excellence Award (RE/13/5/30177 and RE/18/6/34217+). FA: Research funding from 
Medtronic; consultancy fees from AstraZeneca, Medtronic, Pfizer, Pharmacosmos, 
Servier and Vifor; support for attending meetings from AstraZeneca, Medtronic, 
Pharmacosmos and Vifor. PF: payment for lectures from Vifor and Pharmacosmos; 
support for attending meetings from Pharmacosmos. PAK: research grant support 
from Pharmacosmos, Vifor, Astellas, Unicyte and Evotec; consultancy fees from Vifor, 
Pharmacosmos, AstraZeneca, Napp, Pfizer and Bayer; support for attending meetings 
from Pharmacosmos and Vifor. NNL: research grant support from Roche Diagnostics, 
British Heart Foundation, AstraZeneca, Tenovus Scotland and Boehringer Ingelheim; 
consultancy fees from AstraZeneca; payment for lectures from Roche Pharma, Pfizer 
and Novartis; participation on a DSM/advisory board for Pharmacosmos; Associate 
Editor of Circulation: Heart Failure. RL: payment for lectures from Boston Scientific. 
ICM: consultancy fees from GlaxoSmithKline and Vifor; steering committee member 
for GlaxoSmithKline trials. PP: research grant support from British Heart Foundation; 
consultancy fees from Pharmacosmos, Novartis, Vifor and AstraZeneca; support 
for attending meetings from Boehringer Ingelheim and Vifor. MTBP: none. MR: 
research grant support from British Heart Foundation, Pharmacosmos. IBS: payment 
for lectures from Novartis, Merck, AstraZeneca and Boehringer Ingelheim; expert 
advisory role on NICE COVID RAPID Guidelines Committee. EAT: research grant 
support from British Heart Foundation and Pharmacosmos. IF: research grant support 
from British Heart Foundation, Pharmacosmos and Vifor.

Patient and public involvement  Patients and/or the public were involved in the 
design, or conduct, or reporting, or dissemination plans of this research. Refer to the 
Methods section for further details.

Patient consent for publication  Not applicable.

Ethics approval  The trial protocol and amendments were approved by the East 
Midlands – Leicester South Research Ethics Committee (trial IRAS number 191168), 

https://dx.doi.org/10.1136/heartjnl-2022-321304
https://twitter.com/paulfol24536435


1985Kalra PR, et al. Heart 2022;108:1979–1985. doi:10.1136/heartjnl-2022-321304

Heart failure and cardiomyopathies

the Medicines and Healthcare products Regulatory Agency and the Health Research 
Authority. Participants gave informed consent to participate in the study before 
taking part.

Provenance and peer review  Not commissioned; externally peer reviewed.

Data availability statement  Data sharing not applicable as no datasets 
generated and/or analysed for this study.

Supplemental material  This content has been supplied by the author(s). It 
has not been vetted by BMJ Publishing Group Limited (BMJ) and may not have 
been peer-reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits 
others to copy, redistribute, remix, transform and build upon this work for any 
purpose, provided the original work is properly cited, a link to the licence is given, 
and indication of whether changes were made. See: https://creativecommons.org/​
licenses/by/4.0/.

ORCID iDs
Paul R Kalra http://orcid.org/0000-0002-5288-3074
John GF Cleland http://orcid.org/0000-0002-1471-7016
Mark C Petrie http://orcid.org/0000-0002-6333-9496
Fozia Z Ahmed http://orcid.org/0000-0001-9769-0180
Paul WX Foley http://orcid.org/00-0002-4856-832X
Philip A Kalra http://orcid.org/0000-0001-7652-1572
Ninian N Lang http://orcid.org/0000-0001-8441-6887
Rebecca E Lane http://orcid.org/0000-0002-9650-5358
Iain C Macdougall http://orcid.org/0000-0001-9098-8611
Pierpaolo Pellicori http://orcid.org/0000-0001-7175-0464
Michael T B Pope http://orcid.org/0000-0002-4166-3746
Michele Robertson http://orcid.org/0000-0002-3053-8368
Iain B Squire http://orcid.org/0000-0002-6282-4318
Elizabeth A Thomson http://orcid.org/0000-0002-3064-8479
Ian Ford http://orcid.org/0000-0001-5927-1823

REFERENCES
	 1	 Rocha BML, Cunha GJL, Menezes Falcão LF. The burden of iron deficiency in heart 

failure: therapeutic approach. J Am Coll Cardiol 2018;71:782–93.
	 2	 Cleland JGF, Zhang J, Pellicori P, et al. Prevalence and outcomes of anemia 

and hematinic deficiencies in patients with chronic heart failure. JAMA Cardiol 
2016;1:539–47.

	 3	 Masini G, Graham FJ, Pellicori P, et al. Criteria for iron deficiency in patients with heart 
failure. J Am Coll Cardiol 2022;79:341–51.

	 4	 Anker SD, Comin Colet J, Filippatos G, et al. Ferric carboxymaltose in patients with 
heart failure and iron deficiency. N Engl J Med 2009;361:2436–48.

	 5	 Ponikowski P, van Veldhuisen DJ, Comin-Colet J, et al. Beneficial effects of long-term 
intravenous iron therapy with ferric carboxymaltose in patients with symptomatic 
heart failure and iron deficiency†. Eur Heart J 2015;36:657–68.

	 6	 Ponikowski P, Kirwan B-A, Anker SD, et al. Ferric carboxymaltose for iron deficiency at 
discharge after acute heart failure: a multicentre, double-blind, randomised, controlled 
trial. Lancet 2020;396:1895–904.

	 7	 Graham FJ, Pellicori P, Ford I, et al. Intravenous iron for heart failure with 
evidence of iron deficiency: a meta-analysis of randomised trials. Clin Res Cardiol 
2021;110:1299–307.

	 8	 Shah AA, Donovan K, Seeley C, et al. Risk of infection associated with administration 
of intravenous iron: a systematic review and meta-analysis. JAMA Netw Open 
2021;4:e2133935.

	 9	 Lin DY, Wei LJ, Yang I, et al. Semiparametric regression for the mean and rate functions 
of recurrent events. J Royal Statistical Soc B 2000;62:711–30.

	10	 Ghosh D, Lin DY. Nonparametric analysis of recurrent events and death. Biometrics 
2000;56:554–62.

	11	 Ponikowski P, Kirwan B-A, Anker SD, et al. Rationale and design of the AFFIRM-AHF 
trial: a randomised, double-blind, placebo-controlled trial comparing the effect of 
intravenous ferric carboxymaltose on hospitalisations and mortality in iron-deficient 
patients admitted for acute heart failure. Eur J Heart Fail 2019;21:1651–8.

	12	 Lewis GD, Malhotra R, Hernandez AF, et al. Effect of oral iron repletion on exercise 
capacity in patients with heart failure with reduced ejection fraction and iron 
deficiency: the IRONOUT HF randomized clinical trial. JAMA 2017;317:1958–66.

	13	 Shoaib A, Van Spall HGC, Wu J, et al. Substantial decline in hospital admissions 
for heart failure accompanied by increased community mortality during COVID-19 
pandemic. Eur Heart J Qual Care Clin Outcomes 2021;7:378–87.

	14	 Anker SD, McMurray JJV. Time to move on from ’time-to-first’: should all events be 
included in the analysis of clinical trials? Eur Heart J 2012;33:2764–5.

	15	 Claggett B, Pocock S, Wei LJ, et al. Comparison of time-to-first event and recurrent-
event methods in randomized clinical trials. Circulation 2018;138:570–7.

	16	 Smith KR, Hsu C-C, Berei TJ, et al. PARADIGM-HF trial: secondary analyses address 
unanswered questions. Pharmacotherapy 2018;38:284–98.

	17	 Cabantchik ZI. Labile iron in cells and body fluids: physiology, pathology, and 
pharmacology. Front Pharmacol 2014;5:45.

	18	 Macdougall IC, Bhandari S, White C, et al. Intravenous iron dosing and infection risk 
in patients on hemodialysis: a prespecified secondary analysis of the pivotal trial. J Am 
Soc Nephrol 2020;31:1118–27.

	19	 Mentz RJ, Ambrosy AP, Ezekowitz JA, et al. Randomized placebo-controlled trial of 
ferric carboxymaltose in heart failure with iron deficiency: rationale and design. Circ 
Heart Fail 2021;14:e008100.

	20	 McDonagh TA, Metra M, Adamo M, et al. 2021 ESC guidelines for the diagnosis and 
treatment of acute and chronic heart failure. Eur Heart J 2021;42:3599–726.

	21	 Heidenreich PA, Bozkurt B, Aguilar D, et al. 2022 AHA/ACC/HFSA guideline for 
the management of heart failure: a report of the American College of Cardiology/
American heart association joint committee on clinical practice guidelines. Circulation 
2022;145:e895–1032.

	22	 National Institue for Health and Care Excellence. Chronic heart failure in adults: 
diagnosis and management, NICE guideline (NG106). London: NICE, 2018.

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0002-5288-3074
http://orcid.org/0000-0002-1471-7016
http://orcid.org/0000-0002-6333-9496
http://orcid.org/0000-0001-9769-0180
http://orcid.org/00-0002-4856-832X
http://orcid.org/0000-0001-7652-1572
http://orcid.org/0000-0001-8441-6887
http://orcid.org/0000-0002-9650-5358
http://orcid.org/0000-0001-9098-8611
http://orcid.org/0000-0001-7175-0464
http://orcid.org/0000-0002-4166-3746
http://orcid.org/0000-0002-3053-8368
http://orcid.org/0000-0002-6282-4318
http://orcid.org/0000-0002-3064-8479
http://orcid.org/0000-0001-5927-1823
http://dx.doi.org/10.1016/j.jacc.2017.12.027
http://dx.doi.org/10.1001/jamacardio.2016.1161
http://dx.doi.org/10.1016/j.jacc.2021.11.039
http://dx.doi.org/10.1056/NEJMoa0908355
http://dx.doi.org/10.1093/eurheartj/ehu385
http://dx.doi.org/10.1016/S0140-6736(20)32339-4
http://dx.doi.org/10.1007/s00392-021-01837-8
http://dx.doi.org/10.1001/jamanetworkopen.2021.33935
http://dx.doi.org/10.1111/1467-9868.00259
http://dx.doi.org/10.1111/j.0006-341X.2000.00554.x
http://dx.doi.org/10.1002/ejhf.1710
http://dx.doi.org/10.1001/jama.2017.5427
http://dx.doi.org/10.1093/ehjqcco/qcab040
http://dx.doi.org/10.1093/eurheartj/ehs277
http://dx.doi.org/10.1161/CIRCULATIONAHA.117.033065
http://dx.doi.org/10.1002/phar.2075
http://dx.doi.org/10.3389/fphar.2014.00045
http://dx.doi.org/10.1681/ASN.2019090972
http://dx.doi.org/10.1681/ASN.2019090972
http://dx.doi.org/10.1161/CIRCHEARTFAILURE.120.008100
http://dx.doi.org/10.1161/CIRCHEARTFAILURE.120.008100
http://dx.doi.org/10.1093/eurheartj/ehab368
http://dx.doi.org/10.1161/CIR.0000000000001063

	Rationale and design of a randomised trial of intravenous iron in patients with heart failure
	Abstract
	Introduction﻿﻿
	Trial design
	Trial plan
	Randomisation
	Treatment
	Primary and secondary efficacy endpoints
	Safety assessments
	Sample size and statistical analysis
	Modifications to sample size
	Trial oversight and management
	Patient and public involvement
	Results

	Discussion
	Definition of iron deficiency
	Iron preparation and dosing
	Trial duration
	Other considerations
	Safety of intravenous iron

	Conclusion
	References


