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BACKGROUND
Ferric carboxymaltose therapy reduces symptoms and improves quality of life in 
patients who have heart failure with a reduced ejection fraction and iron deficiency. 
Additional evidence about the effects of ferric carboxymaltose on clinical events is 
needed.

METHODS
In this double-blind, randomized trial, we assigned ambulatory patients with heart 
failure, a left ventricular ejection fraction of 40% or less, and iron deficiency, in a 
1:1 ratio, to receive intravenous ferric carboxymaltose or placebo, in addition to 
standard therapy for heart failure. Ferric carboxymaltose or placebo was given 
every 6 months as needed on the basis of iron indexes and hemoglobin levels. The 
primary outcome was a hierarchical composite of death within 12 months after 
randomization, hospitalizations for heart failure within 12 months after random-
ization, or change from baseline to 6 months in the 6-minute walk distance. The 
significance level was set at 0.01.

RESULTS
We enrolled 3065 patients, of whom 1532 were randomly assigned to the ferric 
carboxymaltose group and 1533 to the placebo group. Death by month 12 oc-
curred in 131 patients (8.6%) in the ferric carboxymaltose group and 158 (10.3%) 
in the placebo group; a total of 297 and 332 hospitalizations for heart failure, 
respectively, occurred by month 12; and the mean (±SD) change from baseline to 
6 months in the 6-minute walk distance was 8±60 and 4±59 m, respectively (Wil-
coxon–Mann–Whitney P = 0.02; unmatched win ratio, 1.10; 99% confidence inter-
val, 0.99 to 1.23). Repeated dosing of ferric carboxymaltose appeared to be safe 
with an acceptable adverse-event profile in the majority of patients. The number 
of patients with serious adverse events occurring during the treatment period was 
similar in the two groups (413 patients [27.0%] in the ferric carboxymaltose group 
and 401 [26.2%] in the placebo group).

CONCLUSIONS
Among ambulatory patients who had heart failure with a reduced ejection frac-
tion and iron deficiency, there was no apparent difference between ferric car-
boxymaltose and placebo with respect to the hierarchical composite of death, 
hospitalizations for heart failure, or 6-minute walk distance. (Funded by Ameri-
can Regent, a Daiichi Sankyo Group company; HEART-FID ClinicalTrials.gov 
number, NCT03037931.)
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In patients with heart failure, iron 
deficiency is common and is associated with 
worse symptoms and outcomes than those in 

patients with heart failure without iron deficien-
cy.1-4 The IRONOUT HF trial showed that oral 
iron therapy did not improve exercise capacity in 
patients who had heart failure with a reduced 
ejection fraction and iron deficiency,5 and guide-
lines do not recommend the use of oral iron 
therapy in such patients.6 In contrast, other trials 
showed that intravenous ferric carboxymaltose 
treatment improved the quality of life and func-
tional capacity in patients who had heart failure 
with a reduced ejection fraction and iron defi-
ciency.7-9

The AFFIRM-AHF trial compared ferric car-
boxymaltose with placebo with respect to car-
diovascular death and total hospitalizations for 
heart failure in 1132 patients hospitalized with 
acute heart failure, a left ventricular ejection frac-
tion of less than 50%, and iron deficiency; the 
rate ratio (ferric carboxymaltose vs. placebo) was 
0.79 (95% confidence interval [CI], 0.62 to 1.01; 
P = 0.059).10 The IRONMAN trial, which assessed 
a different intravenous iron formulation (ferric 
derisomaltose), showed findings similar to those 
in the AFFIRM-AHF trial (rate ratio, 0.82; 95% CI, 
0.66 to 1.02; P = 0.070).11 The conduct of these 
trials was affected by the coronavirus disease 2019 
(Covid-19) pandemic, and prespecified analyses 
suggested that intravenous iron reduced hospi-
talizations for heart failure. A meta-analysis of 
trials of intravenous iron therapy that included 
3773 patients with heart failure and iron deficiency 
showed that intravenous iron appeared to be as-
sociated with reduced hospitalizations for heart 
failure without an effect on mortality.12 We de-
signed the Ferric Carboxymaltose in Heart Failure 
with Iron Deficiency (HEART-FID) trial with a 
hierarchical composite outcome (death, hospi-
talization for heart failure, and 6-minute walk 
distance) to assess whether the incidence of 
death and hospitalization for heart failure would 
be lower and improvement in the 6-minute walk 
distance greater with ferric carboxymaltose 
therapy than with placebo in patients with heart 
failure with a reduced ejection fraction and iron 
deficiency.

Me thods

Trial Design

The design of this double-blind, randomized, pla-
cebo-controlled, event-driven trial has been re-
ported elsewhere.13 The protocol and statistical 
analysis plan are available with the full text of 
this article at NEJM.org. An ethics committee at 
each center approved the trial, and all the patients 
provided written informed consent. The trial was 
sponsored by American Regent, a Daiichi Sankyo 
Group company, with coordination by the Duke 
Clinical Research Institute (DCRI). The sponsor, 
the DCRI, and the steering committee partici-
pated in the design of the trial and in the inter-
pretation of data. Data were managed and ana-
lyzed by the DCRI, independent of the sponsor. 
An independent data and safety monitoring com-
mittee reviewed data approximately every 6 months. 
The first author drafted the original manuscript, 
which was reviewed and edited by all the authors. 
All the authors made the decision to submit the 
manuscript for publication and vouch for the ac-
curacy and completeness of the data and for the 
fidelity of the trial to the protocol.

Patients

Eligible patients were adults (≥18 years of age) 
with heart failure, a left ventricular ejection frac-
tion of 40% or less, a hemoglobin level greater 
than 9.0 g per deciliter and either less than 13.5 
g per deciliter (in women) or less than 15.0 g per 
deciliter (in men), iron deficiency (defined as a 
ferritin level of <100 ng per milliliter or a level 
of 100 to 300 ng per milliliter with a transferrin 
saturation of <20%), and either hospitalization 
for heart failure within the previous 12 months 
or an elevated natriuretic peptide level. This defi-
nition of iron deficiency was based on previous 
studies.7,8 Detailed eligibility criteria are provid-
ed in the Supplementary Appendix (available at 
NEJM.org).

Trial Procedures

Patients who met the eligibility criteria were ran-
domly assigned, in a 1:1 ratio, to receive intrave-
nous ferric carboxymaltose or placebo, in addition 
to usual therapy for heart failure, with stratifica-
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tion according to region of enrollment. Dosing 
was weight-based; two doses separated by 7 days 
were administered, as detailed in the protocol. 
Follow-up occurred every 3 months, with ferric 
carboxymaltose or placebo administered every 
6 months on the basis of hemoglobin and iron 
indexes. Patients were followed for the duration 
of the trial, regardless of adherence.

Trial Outcomes

The primary outcome was a hierarchical com-
posite of death within 12 months after random-
ization, hospitalizations for heart failure within 
12 months after randomization, or change in the 
6-minute walk distance from baseline (the day of 
randomization) to 6 months, as detailed in the 
Supplementary Appendix. The main secondary 
outcome was a composite of cardiovascular death 
or hospitalization for heart failure over the dura-
tion of follow-up (the interval between random 
assignment of the first patient and month 12 af-
ter assignment of the last patient), as assessed in 
a time-to-first-event analysis. We assessed four 
additional secondary outcomes: the change in 
6-minute walk distance from baseline to 12 
months, a composite of cardiovascular death or 
intervention for worsening heart failure during 
follow-up, a composite of cardiovascular death 
or cardiovascular hospitalization during follow-
up, and cardiovascular death during follow-up. 
Deaths and cardiovascular hospitalizations were 
adjudicated by an independent committee at the 
DCRI whose members were unaware of the trial-
group assignments.

Statistical Analysis

The trial design allowed for sufficient power for 
analysis of the primary and main secondary out-
comes. As previously reported13 and as detailed 
in the statistical analysis plan, we estimated that 
a sample size of 3014 patients would provide the 
trial with 90% power to detect a difference be-
tween the trial groups in the primary outcome, 
at a two-sided significance level of 0.01, assuming 
a 2.5% annual loss to follow-up and 15% of pa-
tients missing data on the 6-minute walk distance 
at 6 months. For the main secondary outcome, 
the anticipated hazard ratio was set at 0.80. We 
calculated that with 1500 patients per group and 
771 events, the trial would have 90% power to 

reject the null hypothesis at an overall two-sided 
significance level of 0.05.

After accounting for one interim analysis (with 
a significance level of 0.0001), the final analysis 
of the primary outcome used a two-sided signifi-
cance level of 0.0099. This significance level ful-
filled a special protocol agreement with the Food 
and Drug Administration that permitted the as-
sessment of efficacy on the basis of a single ran-
domized trial. In order to preserve an overall type 
I error rate of 0.05, the two-sided alpha level for 
the main secondary outcome was modified to 
0.0399.

The primary analysis was performed accord-
ing to the intention-to-treat principle and in-
cluded data collected through the end of follow-
up from patients who underwent randomization, 
as detailed in the Supplementary Appendix and 
the statistical analysis plan. In brief, for the pri-
mary end point, each patient in each trial group 
was ranked on the basis of the occurrence of death 
at 12 months, hospitalizations for heart failure 
at 12 months, or change in the 6-minute walk 
distance from baseline to 6 months, according 
to the prespecified hierarchy. In the main com-
parison of the primary outcome, we used the non-
parametric Wilcoxon–Mann–Whitney test to sum 
the ranks of patients in each trial group and to 
compare the sums between the two groups. The 
main comparison relied on the use of a multiple 
imputation model with a Markov chain Monte 
Carlo algorithm. In addition to the main compari-
son, we calculated the overall unmatched win 
ratio, as assessed across 20 imputed data sets 
(with imputation of data on the 6-minute walk 
distance as specified in the statistical analysis 
plan), along with its 99% confidence interval. We 
calculated the overall unmatched win ratio with-
in each of the 20 imputed data sets by adding all 
the wins in the ferric carboxymaltose group and 
dividing the sum by all the wins in the placebo 
group. Wins were determined by a comparison 
of the rank of each patient in the ferric carboxy-
maltose group with the rank of each patient in 
the placebo group according to the hierarchical 
primary outcome. The patient with a better rank 
with respect to death at 12 months was consid-
ered to have won that comparison. If both patients 
had the same rank, the outcome was considered 
a tie, and the patients were further compared 
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with respect to heart failure hospitalizations at 
12 months. If the outcome of that comparison 
was a tie, the patients were subsequently compared 
with respect to the change in the 6-minute walk 
distance between baseline and 6 months. We com-
bined the 20 win ratios obtained from the 20 
imputed data sets using Rubin’s rule14 to obtain 
the overall unmatched win ratio.15

The main secondary outcome was a compos-
ite of cardiovascular death or hospitalization for 
heart failure over the duration of follow-up, as 
assessed in a time-to-first-event analysis. The four 
additional secondary outcomes, assessed in time-
to-first-event analyses, were evaluated through-
out follow-up and were tested in the order listed 
in the statistical analysis plan with use of a Cox 
proportional hazards model that included region 
as a stratification factor with prespecified covari-
ates. These secondary outcomes were analyzed 

without adjustment for multiplicity. Results are 
reported as point estimates and 96% confidence 
intervals, and the widths of these confidence 
intervals should not be used to infer definitive 
treatment effects for the secondary outcomes. Pro-
portional hazard assumptions were examined, 
and missing data were handled as detailed in the 
statistical analysis plan. A cumulative incidence 
function was created to assess the effect of the 
competing risk of noncardiovascular death on the 
main secondary outcome. Prespecified subgroup 
analyses were performed for the main secondary 
outcome. We analyzed the mean change in the 
6-minute walk distance from baseline to 12 
months using linear regression and adjusting for 
the walk distance at baseline. Prespecified analy-
ses were performed in patients with 10-m and 
20-m changes in the 6-minute walk distance. All 
analyses were performed with SAS software, ver-
sion 9.4 (SAS Institute).

R esult s

Patients and Follow-up

Between March 2017 and November 2021, a total 
of 8195 patients were screened for eligibility. We 
enrolled 3065 patients, of whom 1532 were ran-
domly assigned to the ferric carboxymaltose group 
and 1533 to the placebo group (Fig. 1). Reasons for 
ineligibility are shown in Table S1 in the Supple-
mentary Appendix. Baseline characteristics ap-
peared to be similar in the two groups (Table 1 
and Table S2).

Follow-up data were collected through Feb-
ruary 6, 2023. Overall, 48 patients in the ferric 
carboxymaltose group and 41 patients in the 
placebo group withdrew consent for follow-up; 
the vital status at the end of the trial was known 
for all but 28 patients (14 patients in each group) 
who withdrew consent (Fig. 1). Seven patients in 
the ferric carboxymaltose group and 4 patients 
in the placebo group were lost to follow-up. The 
median duration of follow-up was 1.9 years (in-
terquartile range, 1.3 to 3.0).

Dosing and Iron Indexes

Three patients in the ferric carboxymaltose group 
and 1 patient in the placebo group did not receive 
the assigned agent. Dose interruptions (i.e., missed 
injections) occurred in 564 patients (18.4%) — 
300 patients in the ferric carboxymaltose group, 

Figure 1. Screening, Randomization, and Follow-up.

3065 Were enrolled and underwent
randomization (3068 unique patient

identifiers, of which 3 were duplicates)

8195 Patients were screened

5127 Were excluded
17 Did not give consent

4652 Did not meet inclusion
criteria

457 Met exclusion criteria
1 Was screened in error

1532 Were assigned to receive
ferric carboxymaltose 

1533 Were assigned to receive placebo

1532 Were included in the analysis 1533 Were included in the analysis

1123 Completed protocol alive
409 Discontinued trial

354 Died
7 Were lost to follow-up

48 Withdrew consent for
follow-up

7 Died
27 Were alive
14 Had unknown vital status

1121 Completed protocol alive
412 Discontinued trial

367 Died
4 Were lost to follow-up

41 Withdrew consent for
follow-up

9 Died
18 Were alive
14 Had unknown vital status
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Table 1. Characteristics of the Patients at Baseline.*

Characteristics
Ferric Carboxymaltose 

(N = 1532)
Placebo 

(N = 1533)

Age — yr 68.6±10.9 68.6±11.2

Female sex — no. (%) 506 (33.0) 531 (34.6)

Race — no. (%)†

White 1324 (86.4) 1325 (86.4)

Black 162 (10.6) 160 (10.4)

Asian 19 (1.2) 21 (1.4)

Other 27 (1.8) 27 (1.8)

Hispanic or Latino ethnic group — no. (%)† 85 (5.5) 100 (6.5)

Geographic region — no. (%)

North America 721 (47.1) 721 (47.0)

Asia Pacific 105 (6.9) 105 (6.8)

Europe 706 (46.1) 707 (46.1)

NYHA functional class at screening — no./total no. (%)

II 797/1532 (52.0) 820/1532 (53.5)

III 711/1532 (46.4) 692/1532 (45.2)

IV 22/1532 (1.4) 19/1532 (1.2)

Clinical features of heart failure

Left ventricular ejection fraction

Mean — % 30.8±7.0 30.6±7.3

No. of patients with data 1532 1532

NT-proBNP level

Median (IQR) — pg/ml 1485.5 (727.1–3044.5) 1423.6 (710.0–2883.8)

No. of patients with data 1518 1526

6-minute walk distance

Mean — m 273.9±109.7 274.7±109.4

No. of patients with data 1531 1531

Laboratory values

Hemoglobin level

Mean — g/dl 12.6±1.4 12.5±1.4

No. of patients with data 1515 1521

Serum ferritin level

Mean — μg/liter 56.0±47.3 57.3±51.4

No. of patients with data 1517 1526

Transferrin saturation

Mean — % 23.9±11.2 23.0±10.3

No. of patients with data 1515 1517

Device and medications — no./total no. (%)

Implantable cardioverter–defibrillator 495/1532 (32.3) 484/1532 (31.6)

Cardiac resynchronization therapy 230/1532 (15.0) 232/1532 (15.1)

ACE inhibitor or ARB 901/1532 (58.8) 923/1530 (60.3)

Sacubitril–valsartan 461/1532 (30.1) 448/1532 (29.2)

Beta-blocker 1415/1532 (92.4) 1418/1532 (92.6)

Mineralocorticoid receptor antagonist 858/1532 (56.0) 847/1532 (55.3)

SGLT2 inhibitor 118/1532 (7.7) 111/1532 (7.2)

*	�Plus–minus values are mean ±SD. ACE denotes angiotensin-converting enzyme, ARB angiotensin-receptor blocker, IQR 
interquartile range, NT-proBNP N-terminal pro–B-type natriuretic peptide, NYHA New York Heart Association, and 
SGLT2 sodium–glucose cotransporter 2.

†	�Race and ethnic group were reported by the patient.
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and 264 in the placebo group. The median num-
ber of injections during follow-up was 6 (inter-
quartile range, 4 to 10) and was the same in both 
groups. At the day 180 visit, 1008 of 1232 patients 
(81.8%) in the ferric carboxymaltose group who 
had received the trial drug did not require ad-
ditional iron-replacement therapy at this visit 
owing to adequate iron indexes and hemoglobin 
values (Table S3). Use of intravenous iron outside 
the trial protocol occurred in 31 patients in the 
ferric carboxymaltose group and 104 patients in 
the placebo group. Iron indexes at baseline and 
follow-up are provided in Figure S1.

Primary Outcome

At 12 months, death had occurred in 131 pa-
tients (8.6%) in the ferric carboxymaltose group 
and in 158 (10.3%) in the placebo group; there 
were 297 and 332 total hospitalizations for heart 
failure, respectively, by 12 months; and the mean 
(±SD) change in the 6-minute walk distance from 
baseline to 6 months was 8±60 and 4±59 m, 
respectively (overall P = 0.02) (Table 2). The un-
matched win ratio for the hierarchical composite 
outcome in the ferric carboxymaltose group as 
compared with the placebo group was 1.10 (99% 
CI, 0.99 to 1.23) (Fig. 2). Table S4 provides data 
on the 6-minute walk distance at 6 months with-
out imputation, as well as reasons for missing 
data. Figure S2 shows the change from baseline 
to 6 months in the 6-minute walk distance, and 
Figure S3 provides the cumulative distribution of 
this change. Results of prespecified sensitivity 
analyses that included different imputation meth-
ods appeared to be consistent with those of the 
primary analysis (Table S5). Because more than 
half the patients underwent randomization after 
March 2020, the censoring of data after the on-
set of the Covid-19 pandemic would have ex-
cluded the majority of follow-up data from the 
analyses.

Secondary Outcomes

During the follow-up period, cardiovascular 
death or hospitalization for heart failure (main 
secondary outcome) occurred in 475 patients 
(31.0%) in the ferric carboxymaltose group and 
in 494 patients (32.2%) in the placebo group 
(hazard ratio, 0.93; 96% CI, 0.81 to 1.06) (Ta-
ble 2 and Fig. 2). The cumulative incidence func-

tion appeared to be similar to the Kaplan–Meier 
plots. The effect of ferric carboxymaltose seemed 
to be generally consistent across subgroups (Fig. 3); 
there was evidence of potential heterogeneity ac-
cording to age, sex, renal insufficiency, and cause 
of heart failure.

The mean (±SD) change in the 6-minute walk 
distance from baseline to 12 months was 5±71 m 
in the ferric carboxymaltose group and 4±72 m in 
the placebo group (Fig. S2). Additional secondary 
outcomes are provided in Table 2, Figures S4 to 
S6, and Table S6. In prespecified analyses, the 
odds of an improvement of 10 m in the 6-minute 
walk distance from baseline to 6 months and from 
baseline to 12 months were higher with ferric car-
boxymaltose than with placebo; the odds of an 
improvement of 20 m from baseline to each time 
point were also higher with ferric carboxymal
tose (Table S7).

Safety

Death from any cause during the follow-up pe-
riod, a prespecified exploratory outcome, oc-
curred in 361 patients (23.6%) in the ferric car-
boxymaltose group and in 376 patients (24.5%) 
in the placebo group (hazard ratio, 0.90; 95% CI, 
0.78 to 1.05); the hazard ratio for death from any 
cause through month 12 was 0.82 (95% CI, 0.65 
to 1.05). Serious adverse events occurred in 581 
patients (37.9%) in the ferric carboxymaltose 
group and in 537 patients (35.0%) in the placebo 
group. The number of patients with a serious 
adverse event occurring during the treatment pe-
riod was similar in the two groups (413 patients 
[27.0%] in the ferric carboxymaltose group and 
401 [26.2%] in the placebo group). The most 
common serious adverse events that occurred 
during the treatment period are summarized in 
Table S8. One event, which occurred in the ferric 
carboxymaltose group, was classified as hypo-
phosphatemia and was considered by the inves-
tigator to be unrelated to the trial drug; the event 
resolved, and ferric carboxymaltose was contin-
ued (Table S9). Seven adverse events that occurred 
in the ferric carboxymaltose group during the 
treatment period were classified as angioedema 
(two events) or hypersensitivity (five events). Of the 
two events classified as angioedema, one event — 
facial edema of moderate severity — was assessed 
as probably related to ferric carboxymaltose, and 
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the event resolved after oral therapy. Of the five 
hypersensitivity events, three were assessed as 
probably related to ferric carboxymaltose (of which 
one was assessed as severe), and all five events re-
solved.

Discussion

In the HEART-FID trial, we assessed the long-
term safety and efficacy of ferric carboxymaltose 
in patients who had heart failure with a reduced 

Table 2. Primary and Secondary Outcomes.*

Outcome

Ferric 
Carboxymaltose 

(N = 1532)
Placebo 

(N = 1533)

Primary outcome

Death by 12 mo — no. (%) 131 (8.6) 158 (10.3)

Hospitalizations for heart failure by 12 mo — total no. 297 332

Change in 6-minute walk distance from baseline to 6 mo — m 8±60 4±59

Overall unmatched win ratio (99% CI) 1.10 (0.99–1.23)† —

Secondary outcomes

Cardiovascular death or first hospitalization for heart failure during follow-up‡

Patients — no. (%)

Either outcome 475 (31.0) 494 (32.2)

Cardiovascular death 124 (8.1) 141 (9.2)

Hospitalization for heart failure 351 (22.9) 353 (23.0)

Events — no. per 100 patient-yr 16.0 17.3

Hazard ratio (96% CI) 0.93 (0.81–1.06)§ —

Cardiovascular death or intervention for worsening heart failure during 
follow-up‡

Patients — no. (%) 487 (31.8) 500 (32.6)

Events — no. per 100 patient-yr 16.5 17.6

Hazard ratio (96% CI) 0.94 (0.83–1.07)§ —

Cardiovascular death or cardiovascular hospitalization during follow-up‡

Patients — no. (%) 570 (37.2) 592 (38.6)

Events — no. per 100 patient-yr 20.4 22.1

Hazard ratio (96% CI) 0.92 (0.82–1.04)§ —

Cardiovascular death during follow-up‡

Patients with event — no. (%) 251 (16.4) 275 (17.9)

Events — no. per 100 patient-yr 7.2 8.2

Hazard ratio (96% CI) 0.86 (0.72–1.03)§ —

*	�Plus–minus values are mean ±SD. For all but the primary outcome and the composite of cardiovascular death or first 
hospitalization for heart failure (main secondary outcome), the widths of confidence intervals have not been adjusted 
for multiplicity and cannot be used to infer treatment effects.

†	�The unmatched win ratio, as assessed across 20 imputed data sets (with imputation of data on the 6-minute walk 
distance as specified in the statistical analysis plan) was calculated by adding all the wins in the ferric carboxymaltose 
group and dividing the sum by all the wins in the placebo group. P = 0.02 for the comparison of the ferric carboxymal
tose group with the placebo group.

‡	�Follow-up was defined as the interval between random assignment of the first patient and month 12 after random as-
signment of the last patient.

§	� Hazard ratios show the risk in the ferric carboxymaltose group relative to the risk in the placebo group and were calcu-
lated with time-to-first-event analyses using Cox proportional hazard models, with region as a stratification factor and 
with adjustment for age; sex; ejection fraction; NYHA functional class; cause of heart failure (ischemic vs. nonisch-
emic); levels of NT-proBNP, hemoglobin, and ferritin; transferrin saturation; estimated glomerular filtration rate; and 
body-mass index. Confidence intervals for the hazard ratios are based on the Wald statistic at a two-sided alpha of 0.04.
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ejection fraction and iron deficiency. We found 
no apparent difference between the ferric carboxy-
maltose group and the placebo group with re-
spect to the primary outcome — a hierarchical 
composite that included death, hospitalizations 
for heart failure, or change in 6-minute walk dis-
tance. Results of prespecified sensitivity and sup-
portive analyses appeared to be consistent with 
results of the primary analysis.

For the primary outcome, the component win 
ratios for the first imputed data set (provided 
here as an example) were 1.20 for death within 
12 months after randomization (18.0% of deci-
sions), 1.00 for hospitalization for heart failure 
within 12 months after randomization (18.0% of 
decisions), and 1.11 for change in the 6-minute 
walk distance between baseline and 6 months 
(63.9% of decisions). For the main secondary 
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18.0% of Decisions
Win ratio, 1.20
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2.
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outcome, a composite of cardiovascular death or 
first hospitalization for heart failure over the 
duration of follow-up, the number of events ap-
peared to be similar in the ferric carboxymaltose 
and placebo groups (16.0 and 17.3 events per 100 
patient-years, respectively). In contrast to the 
findings in the AFFIRM-AHF trial,10 which sug-
gested a reduction in recurrent hospitalization 
for heart failure but not a reduction in cardiovas-
cular mortality with ferric carboxymaltose as com-
pared with placebo, we observed no apparent 
difference in hospitalization for heart failure 
between the trial groups. The IRONMAN trial11 
suggested a reduction in recurrent hospitaliza-
tion for heart failure with ferric derisomaltose as 
compared with usual care, and the hazard ratio 
for cardiovascular death (0.86; 95% CI, 0.67 to 
1.10) was similar to the hazard ratio in the 
HEART-FID trial.

The lack of a long-term reduction in hospital-
izations for heart failure in our trial was unex-
pected. Several factors may be responsible for 
this finding. The patient population in our trial 
was a lower-risk population than the population 
with acute heart failure in the AFFIRM-AHF trial 
(all patients enrolled while hospitalized) and the 
IRONMAN trial (15% of patients enrolled while 
hospitalized). Among patients who received pla-
cebo, the rate of cardiovascular death or first 
hospitalization for heart failure was 47.1 events 
per 100 patient-years in the AFFIRM-AHF trial 
as compared with 17.3 events per 100 patient-
years in the HEART-FID trial. The relatively high 
use of evidence-based medications (including 
sacubitril–valsartan) in the HEART-FID trial may 
have affected the rate. In addition, although the 
HEART-FID trial used criteria for iron deficiency 
that have consistently been used in previous tri-
als of ferric carboxymaltose, debate about the cri-
teria remains.16 Of note, more recent studies and 
scientific statements have suggested that heart-
failure outcomes may be more closely related to a 
transferrin saturation of less than 20%, as well as 
to other criteria that do not rely on ferritin lev-
els.16-18 The mean transferrin saturation at base-
line was higher in the HEART-FID trial than in 
previous trials.7-11 The dose of ferric carboxy-
maltose and the timing of its administration 
also differed from those in the AFFIRM-AHF 
trial. The Covid-19 pandemic may have affected 
hospitalizations, given that the majority of pa-
tients in the HEART-FID trial were enrolled dur-
ing the pandemic.

In comparison with findings in previous stud-
ies, the treatment effect of ferric carboxymaltose 
on the 6-minute walk distance was modest.7 In 
the HEART-FID trial, the mean change from 
baseline at 6 months was 8 m in the ferric car-
boxymaltose group and 4 m in the placebo group. 
Of note, the imputation methods in our trial 
differed from those in past trials, yet prespeci-
fied sensitivity analyses confirmed the internal 
consistency of the results. The 6-minute walk 
distance was assessed more frequently in the 
CONFIRM-HF trial8 than in our trial. With more 
recruiting sites and less frequent evaluations in 
the HEART-FID trial, there may have been more 
heterogeneity among patients and trial sites. 
Similar to the HEART-FID trial, the IRONMAN 
trial did not show a significant difference be-
tween the trial groups in the 6-minute walk 

Figure 2 (facing page). Primary Outcome, Assessed  
as the Unmatched Win Ratio, and Main Secondary  
Outcome.

Panel A shows the unmatched win ratio, as assessed 
in the first data set, and the overall unmatched win ra-
tio, as assessed across 20 imputed data sets (with im-
putation of data on the 6-minute walk distance as 
specified in the statistical analysis plan), for the com-
posite primary hierarchical outcome that consisted of 
death at 12 months, hospitalizations for heart failure 
at 12 months, or change in 6-minute walk distance 
from baseline to 6 months, in a comparison of the fer-
ric carboxymaltose (FCM) group with the placebo 
group. Component win ratios for the first imputed 
data set have been provided as an example. For the 
calculation of the win ratios, all the patients were 
ranked from lowest to highest with respect to each 
component of the primary outcome, as specified in 
section 5.1 of the statistical analysis plan (see also  
section 8.6 of the protocol). Wins were determined by 
comparing the rank of each patient in the ferric car-
boxymaltose group with the rank of each patient in the 
placebo group according to the hierarchical primary 
outcome. The patient with a better rank with respect 
to death at 12 months was considered to have won 
that comparison. If both patients had the same rank, 
the outcome was considered a tie, and the patients 
were further compared with respect to heart failure 
hospitalizations at 12 months. If the outcome of that 
comparison was a tie, the patients were subsequently 
compared with respect to the change in the 6-minute 
walk distance between baseline and 6 months. Panel B 
shows Kaplan–Meier curves for cardiovascular death 
or first hospitalization for heart failure (main second-
ary outcome) in the ferric carboxymaltose and placebo 
groups. I bars indicate 96% confidence intervals (CIs).
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distance.11 Functional status may be limited by 
factors other than iron deficiency (e.g., decon-
ditioning, frailty, and arthritis).19 However, pre-
specified analyses showed that the odds of a 
10-m or 20-m improvement in the 6-minute walk 
distance from baseline were more than 20% 
higher with ferric carboxymaltose than with pla-
cebo; some subgroups of patients may have had 
a larger response to ferric carboxymaltose.

The HEART-FID trial provides long-term data 
on the safety of repeated infusions of ferric car-
boxymaltose. The incidence of serious adverse 
events appeared to be similar in the trial groups. 
However, in the ferric carboxymaltose group, there 
were five hypersensitivity events (three events were 
assessed as probably related to the trial drug, 
one of which was a severe event) and two angio-
edema events (one of which was assessed as 
probably related to the trial drug and was mod-
erate in severity). A previous trial showed short-
term hypophosphatemia with ferric carboxymal
tose treatment,20 but long-term adverse events 
were not observed in the HEART-FID trial.

Guidelines provide a class 2a recommenda-
tion for the use of intravenous iron to improve 
functional status and quality of life in patients 
who have heart failure with iron deficiency6,21; 

European Society of Cardiology guidelines pro-
vide a class 2a recommendation for giving intra-
venous ferric carboxymaltose to recently hospi-
talized patients in order to reduce the risk of 
rehospitalization.21 The 2017 guideline from the 
American College of Cardiology, American Heart 
Association, and Heart Failure Society of Amer-
ica indicated that outcome trials were needed be-
fore a strong recommendation could be provided.22 
The totality of evidence from past trials that as-
sessed symptomatic or functional status,7-9 com-
bined with recent outcome trials,10,11 which now 
include the HEART-FID trial, provide informa-
tion about the safety profile of intravenous iron 
and effects on clinical outcomes.

Our trial has limitations. Some data on the 
6-minute walk distance at follow-up were missing, 
but the number of patients with missing data was 
similar in the two groups, and results of sensitivity 
analyses with various methods of imputation ap-
peared to be consistent with results of the primary 
analysis. Sodium–glucose cotransporter 2 inhibi-
tors were used at baseline by 8% of patients, and 
future research will need to assess the use of 
ferric carboxymaltose with concomitant treatment. 
The majority of patients were enrolled during the 
Covid-19 pandemic, and whether the pandemic 
influenced the results is difficult to discern. 
Further evidence about the treatment of iron de-
ficiency in patients with heart failure with an 
ejection fraction of more than 50% is needed.

We found that among ambulatory patients 
who had heart failure with a reduced ejection frac-
tion and iron deficiency, there was no apparent 
difference between ferric carboxymaltose and 
placebo with respect to the hierarchical compos-
ite of death, hospitalizations for heart failure, 
and 6-minute walk distance.
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