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Abstract
Introduction: Several landmark studies, which enrolled heart failure (HF) patients who were ambulatory at 

the time of inclusion, identified iron deficiency (ID) as an important therapeutic target: intravenous iron adminis-
tration with ferric carboxymaltose (FCM) improves morbidity, exercise capacity, and quality of life in patients with 
HF and reduced EF (HFrEF). However, there is still limited knowledge about ID prevalence during hospitalization 
for Worsening Chronic HF (WCHF) and about the relationship between ID during hospitalization and post-dis-
charge outcomes. Although previous studies documented ID as an independent risk factor for poor outcomes in 
HFrEF, its prognostic significance in HF patients with EF>40% remains unclear.

Method and Results: The FERIC-RO study is a prospective, multicenter, observational study with longitudinal 
follow up, conducted in 9 Romanian hospitals that will include 200 consecutive patients admitted for worsening 
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Introduction

Heart failure (HF) is a syndrome associated 
with impaired quality of life, functional limita-
tions, high CV morbidity and mortality, and bur-
geoning direct and indirect costs. (1-4)

As compared to chronic HF patients who 
benefit from GDMTs, patients hospitalized for 
acute HF have an unacceptably high outcome 
rate, either in-hospital and several months post 
discharge, probably due to the fact that no ef-
fective treatments have been implemented in 
practice over the last decades (5-7). Of patients 
hospitalized for AHF, 60-70% are WCHF, pa-
tients with previous history of HF hospitaliza-
tion, while 20-30% are de novo HF, patients at 
first HF decompensation. Distinct to patients 
with de novo HF, those hospitalized for wors-
ening chronic HF have a much higher post-dis-
charge event rate, despite clinical and hemo-
dynamic improvement during hospitalization 
(8). One major contributing factor to worsening 
post-discharge outcomes in WCHF is the co-
existence of non-cardiac comorbidities (NCC). 
Particularly, for Romanian patients hospital-
ized for WCHF, a high prevalence of NCC has 
been reported (9). Left untreated, many of these 
NCC contribute to exacerbating the HF process 
or decreasing the threshold for occurrence of 
symptoms. Ultimately, this leads to worsen-

ing HF and a subsequent hospitalization. Of 
particular importance among NCC is the pres-
ence of iron deficiency (ID), which is a major 
factor in the pathogenesis of anemia, but it is 
also a distinct condition with serious clinical 
consequences (e.g. impaired exercise capacity, 
quality of life) and poor prognosis in HFrEF 
patients. Iron is a micronutrient essential for 
cellular energy and metabolism, necessary for 
maintaining body homoeostasis. It is essential 
for mitochondrial respiration and is involved in 
the adaptation to acute and chronic increases in 
myocardial workload (10).

For chronic HF patients, previous studies 
demonstrate ID as an important therapeutic tar-
get: intravenous iron administration restores 
inotropic reserve in animal models and improves 
morbidity and symptoms in clinical studies en-
rolling chronic HFrEF patients (10, 11). How-
ever, although previous studies documented ID 
as an independent risk factor for poor outcomes 
in HF-rEF, its prognostic significance in HF pa-
tients with EF>40% remains unclear. 

The prevalence of ID in HF patients has been 
reported to range from 30 to 50%, but studies 
were conducted in outpatient setting in a relative 
stable condition (12) ID includes absolute ID de-
fined as serum ferritin < 100 µg/L and relative 
ID, defined as serum ferritin 100  - 299 µg/L and 
a transferrin saturation (TSAT) < 20% accord-

HF. A comprehensive description of the Iron metabolism biomarkers will be performed on discharge and 1-month 
follow up. The primary endpoint is defined as the prevalence of ID on discharge and 1-month post-discharge, and 
the secondary endpoints include: all-cause re-hospitalization and all-cause-mortality at 1 and 3 months follow up, 
and quality of life on discharge and 1-month.

Conclusions:  FERIC-RO will provide new evidence about the prevalence and the predictors of ID in patients 
hospitalized for WCHF regardless of LVEF. Furthermore, the study will explore the relationship between in-hos-
pital ID and post-discharge outcomes. The results of FERIC-RO will thus be highly relevant to the management of 
patients hospitalized for AHF.
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ing to the 2016-ESC-HF Guidelines (13). These 
levels have a good sensitivity and specificity to 
identify the patients who will benefit from iron 
therapy (13, 14). However, as iron is regulated 
across circulating, functional, and storage com-
ponents, several other markers emerged to fur-
ther characterize the deficit and differentiate be-
tween the truly depleted iron and the defectively 
mobilized iron (i.e. anemia of chronic disease or 
inflammation as it is often the case in HF) (15, 
16). An increase in the serum value of soluble 
transferrin receptor 1 (sTfR) can be used to iden-
tify ID more accurately when ferritin and TSAT 
values are divergent, and may predict hemato-
logical response to treatment. (17) Hepcidin is 
an essential regulatory hormone for iron metab-
olism by interacting with its receptor ferroportin 
and inducing hypoferremia, but its metabolism 
is still unpredictable and its role in the pathogen-
esis of ID seen in HF has not been sufficiently  
documented (18).

To date, numerous HF studies suggest that 
in chronic settings, ID is highly prevalent, asso-
ciated with adverse outcomes, and responsive 
to IV repletion, independent of anemia status. 
However, in contrast to chronic HF, numerous 
knowledge gaps remain regarding ID prevalence 
and Iron metabolism in the acute HF setting. 
Targeting ID may be a key treatment target. In 
a recent study enrolling patients with AHF, the 
reported prevalence of ID was 68.6% in men and 
even higher (75.3%) in women. (19) Of note, ID 
in this acute setting was not related to HF se-
verity, emphasizing the need for iron deficiency 
screening at the time of hospitalization for all pa-
tients with worsening HF (19). To note, although 
in chronic settings ID was associated with poor 
outcomes, very scarce information exists con-
cerning the relationship between ID evaluated 
during hospitalization and post-discharge out-
comes.

The FERIC-RO (FiER deficit in Insuficienta 
Cardiaca in ROmania) study aims to accurately 

describe the epidemiology, clinical character-
istics, and mechanisms of ID in patients hospi-
talized for chronic worsening HF. The main ob-
jectives of FERIC-RO are: 1. to determine the 
prevalence of ID on discharge and 1-month, 2. 
to identify predictors of ID, 3. to evaluate the 
association between ID and clinical outcomes. 
The study protocol allows identification and 
complete characterization of alteration in iron 
homeostasis in patients hospitalized for chronic 
worsening HF for any level of LVEF and will 
bridge knowledge gaps regarding the relation-
ship between in-hospital ID and post-discharge 
outcomes.

Methods

Study Overview
The FERIC-RO study is a prospective, mul-

ticenter, observational study with longitudinal 
follow up, conducted in 9 Romanian hospitals, 
which will include 200 consecutive HF patients. 
At the time of hospital admission, eligible pa-
tients must have a primary diagnosis of chron-
ic worsening HF regardless of LVEF. Inclusion 
and exclusion criteria are summarized in Table 
1. Follow-up visits will be performed at 1 and 
3 months post-discharge and study patients will 
return for follow up to the same hospital where 
they were enrolled. Telephone follow-up will 
collect additional information about vital status 
at 6 and 12 months post-discharge as detailed in 
Figure 1.

Study endpoints 
The primary clinical endpoint is defined as 

the prevalence of ID on discharge and 1-month 
post discharge.

The secondary endpoints include: all cause 
re-hospitalization and ACM events at 1 and 3 
months follow up, and quality of life on dis-
charge and 1-month.
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Protocol
Written informed consent was obtained 

from each patient. The protocol was conducted 
in accordance with the Declaration of Helsinki 
and Guidelines on Good Clinical Practice, and 
approved by a local ethics committee. The phy-
sicians will continue the treatment of the pa-
tients according to their daily practice. No spe-
cific analyses or treatments will be prescribed 
as part of this study. The patient’s epidemiolog-
ical characteristics on inclusion, including de-
mography, vitals, clinical presentation, medical 
history, associated non-cardiac comorbidities 
(NCC), medical triage, prior treatments, as well 
as in-hospital management and complications 
will be recorded (Figure 1). BNP/NT-pro-BNP 
will be collected on admission and discharge. 
A comprehensive evaluation of anemia and ID 
will be performed on discharge and 1-month 
post-discharge (Table 2). Quality of life will 
be evaluated by Kansas City Cardiomyopathy 
Questionnaire (KQOL) questionnaire on dis-
charge and at 1 month. 

A central laboratory will receive the periph-
eral blood samples on discharge and at 1 month 
for determination of ID parameters and inflam-
matory parameters (Table 2). A subset of patients 
(i.e. ~10%) will have additional biomarkers 
drawn including TNF-alpha, interleukin-6, and 
hepcidin. The blood samples will be collected 
and centrifuged after 30 min and transferred to 
the central laboratory on the same day.

 The analysis of blood samples on admission 
will be performed at the local laboratory and will 
include routine blood assessment, as indicated in 
Table 2.

Statistics
Due to the observational nature of this study, 

no formal sample size calculation has been per-
formed. A consecutive cohort of 200 AHF pa-
tients represents the study population. 

The primary endpoint (prevalence of ID on 
discharge and at 1 month) will be evaluated as 
proportion of patients with this characteristic. 
Based on previous results (19-24), the expected 

Table 1. Inclusion and exclusion criteria in FERIC-RO study.
A.
Inclusion criteria Exclusion criteria
Informed signed consent. Patients with prior oral or intravenous iron supplementation within the past 

3 months.
Age above 18 years. Suspected acute coronary syndrome on presentation (i.e. defined as angina 

equivalent in the setting of electrocardiographic signs of ischemia or pos-
itive biomarkers).

Patients who present signs and 
symptoms of HF with need of hos-
pitalization and urgent/emergent IV 
therapies.

Cardiogenic shock at presentation (i.e. defined as a systolic blood pressure 
<90 mmHg and signs of tissue hypoperfusion).

Previous HF hospitalization in the 
last 12 months.

De novo HF.

BNP>300pg/ml or NTproBNP 
>1000pg/ml at the time of hospital 
admission.

Conditions which will impede the full participation in the study such as 
life-limiting condition with a poor 6-month prognosis as determined by the 
enrolling clinical-investigator). 

B. discharged alive after hospitalization for AHF
Abbreviations: HF= heart failure, IV= intravenous, BNP = brain natriuretic peptide, NT-proBNP= N-terminal prohormone BNP.
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proportion for the primary endpoint occurrence 
is 55-70%. 

Subgroup analyses will evaluate the preva-
lence of ID in anemic and non-anemic patients 
as well as the potential effects of age, gender, 
LVEF, and prior history of HF. A stepwise lo-
gistic regression model will be used to select the 
subgroup of parameters significantly associat-
ed with iron deficiency in the study population, 
both on discharge and at 1 month.

Absolute frequencies and proportions of 
patients who died or were hospitalized at 1 and 
3 months will be provided for both the ID and 
non-ID groups. Kaplan-Meier estimates of the 
survival functions will be plotted respective of 
presence or absence of ID on discharge.

Independent predictors for the second-
ary endpoints, deaths and re-admissions at 3 
months post discharge, will be identified using 
a multivariate logistic regression model. Mul-
tivariate analysis will be performed using for-
ward conditional regression, whereby variables 
will be removed from the equation after each 
iteration if the type I error rate was greater than 
10% and retained in the final equation if P ≤ 
.05. All statistical analyses will be two-tailed, 
with a threshold for significance set at a P value 
of 0.05 or less. All final analyses will be con-
ducted using SPSS software, version 16 (SPSS 
Inc, Chicago, IL).

Fig. 1. Schedule of assessments and procedures during study follow up.
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Discussion

Clinical outcomes for patients with WCHF 
are exceptionally poor, and, to date, in-hospital 
treatment for these patients remains limited to 
decongestion and the treatment of cardiac and 
non-cardiac co-morbidities.

Anemia (defined according to the WHO 
definition as <12g/dl in women and <13g/dl in 
men) is a common NCC in HF patients (25, 26). 
However, the relationship between anemia and 
outcomes has been inconsistent and may largely 
be confounded by renal dysfunction, congestion 
status, and ID. There are no data to demonstrate 
that targeting anemia improves clinical out-
comes (i.e. RED-HF) (27). In contrast, there are 
data that IV FCM improves QoL and functional 

status in iron deficient patients with HFrEF en-
rolled in several CV outcomes trials (28, 29).

The prevalence of ID anemia (whether it is 
iron depleted or iron defectively mobilized) has 
been shown to correlate with severity of HF in 
chronic settings (30). Chronic iron deficiency, 
by itself, may cause ultrastructural alterations in 
myocytes (31). Recent evidence suggests ID in 
HFrEF patients may be associated with impaired 
exercise capacity, more severe disease (high-
er NYHA class), and poorer outcomes (32-34). 
Even in the absence of anemia, ID is a potent 
substrate for dyspnea and exercise intolerance 
and identifies patients at a heightened risk for 
mortality (31, 35, 36), suggesting that ID should 
be regarded as a distinct clinical condition that 

Table 2. Evaluation of anemia and ID indexes during the study follow-up
Admission Discharge 1 Month
Hemoglobin Hemoglobin Hemoglobin 
Ht Ht Ht
Mean cell volume 
Mean cell hemoglobin 
MCHC 

Mean cell volume 
Mean cell hemoglobin 
MCHC 

Mean cell volume 
Mean cell hemoglobin 
MCHC 

Red cell distribution width 
White cell count

Red cell distribution width (%) 
White cell count

Red cell distribution width 
White cell count

Platelet count Platelet count Platelet count
ESR Vitamin B12 -
Fibrinogen Folate -
NTproBNP
Troponine I 
Creatinine 
BUN 
Na 
K 
Cholesterol 
Albumine 

Iron 
Ferritin 
TSAT 
TIBC 
sTfR 

Iron 
Ferritin 
TSAT 
TIBC 
sTFR 

- IL6 C reactive protein
- Hepcidin -
- TNF -

Abbreviations: Ht= hematocrit, Na= sodium, K= potassium, ESR= erythrocite sedimentation rate, MCHC= mean corpuscular 
hemoglobin concentration, TSAT= transferrin saturation, TIBC= total iron binding capacity(TSAT calculated as 100Xserum 
ferritin/TIBC), sTfR =soluble transferrin receptor 1 , IL6= interleukin 6, TNF= tumor necrosis factor
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may be an even stronger predictor of outcome 
than anemia (30).

Body iron metabolism may be abnormal at 
any level of distribution: circulation, functional, 
storage and therefore multiple markers are nec-
essary to adequately characterize it (each mark-
er reflects a certain compartment) (30). Studies 
have also shown an alteration in iron distribu-
tion in chronic heart failure (circulating iron is 
contracted and storage compartment is expand-
ed) (30). Ferritin and hepcidin are acute phase 
reactants and their changes strongly impact iron 
homeostasis. It is therefore reasonable to expect 
differences at sensitive levels in acute setting.

Iron deficit was typically defined as ferritin 
< 100ug/l, but as this cutoff has limited sensibil-
ity, TSAT <20% may be a more reliable mark-
er for iron status when inflammation is present, 
as is often the case in HF patients (reflected by 
high CRP levels) (13, 37). When the two mark-
ers have divergent values (high ferritin and low 
TSAT), sTfR and the derived sTfR/log ferritin 
index may provide additional information (38). 
Because sTFR is not influenced by inflamma-
tion, its value may help differentiate between 
chronic disease anemia and isolated iron deficit 
(30, 37). Its increase is an indirect measure of the 
increase in the transmembrane dimer (TfR) that 
is overexpressed when cells (especially eryth-
roid progenitor cells) require iron and may thus 
be a good predictor for red blood cell response 
to iron therapy (39). Measuring sTfR has previ-
ously been questioned as assays from different 
manufacturers have not been standardized and 
are not widely available (38). In our study we 
will use immunonephelometry which has shown 
a good limit of agreement with other techniques 
(40).

Hepcidin is a peptide synthetized by the liv-
er and is an iron regulatory hormone, especially 
in inflammatory status when it is up-regulated 
(41). IL-6 is the cytokine that increases the ex-
pression of the hepcidin gene and thus lowers the 

bioavailability of iron (42). Since HF is a condi-
tion associated with high levels of inflammatory 
cytokines (like IL-6 and TNF- α) (43), it would 
be expected that the plasmatic level of hepcidin 
increases in decompensated HF, but there are 
caveats that could impact the results, as diur-
nal (lower in the morning) and gender (lower in 
women) variations have been observed (16). To 
avoid diurnal variations, in the present study, the 
blood samples on discharge will be collected in 
all patients in the first hours in the morning, in 
order to homogenize the results. 

After the positive results of the FAIR-HF 
(Ferinject Assessment in Patients with Iron De-
ficiency and Chronic Heart Failure) and CON-
FIRM-HF (Ferric Carboxymaltose evaluation 
on perFormance in patients with Iron deficiency 
in combination with chronic Heart Failure) tri-
al, there is a legitimate need to study the iron 
metabolism of patients with AHF, and a work-up 
to identify the determinants of ID in the acute 
setting may prove beneficial (28, 29). Second-
ly, the impact of in-hospital ID, with- or without 
anemia, on post-discharge outcomes should be 
evaluated in further research derived from RCTs 
and observational studies. The results of this 
type of studies may help to clarify when to start 
treatment with IV iron relative to the time point 
of hospitalization.

FERIC-RO is distinct from all other complet-
ed RCTs and observational studies by its design 
looking for in-hospital prevalence of ID in a co-
hort of patients hospitalized for AHF regardless 
of the level of LVEF. A major goal of FERIC-RO 
study is to obtain data under conditions repre-
sentative of real-world clinical practice and thus 
generate conclusions that have greater external 
validity (generalizability) than those derived 
from conventional RCTs. Inclusion and exclu-
sion criteria were pragmatically chosen to define 
a study cohort representative of the worsening 
chronic HF population. The rationale for the se-
lection criteria of the minimum qualifying level 
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of BNP/NT-pro-BNP was to make inclusion of 
patients with non-cardiogenic dyspnea less like-
ly. The primary endpoint has been pragmatically 
chosen to identify the potential candidates for IV 
Iron therapy as well as the moment of initiation. 
In addition, a rigorous investigation of in-hospi-
tal and 1-month post-discharge Iron metabolism 
and predictors of ID is another major strength of 
this study. The secondary endpoints included all 
cause re-hospitalization and all cause mortality 
events at 1 and 3 months follow up. In two trials, 
EVEREST and ASTRONAUT, which enrolled 
a similar patient population as FERIC-RO, the 
reported rate of death or HF hospitalization at 
3 months was 20%, and similar outcome rate is 
expected in the present study (44, 45).

These secondary endpoints are clinically 
relevant, and may be potentially responsive to 
therapeutic interventions with FCM during hos-
pitalization, and thus important to both patients 
and healthcare providers.  

Conclusion
Iron metabolism strongly impacts myocardi-

al and skeletal muscle function in HF. ID is com-
mon in patients with chronic HF regardless of 
anemia status and ID should be considered as a 
distinct comorbidity and specific therapeutic tar-
get, since it has a greater predictive value for out-
come than the presence of anemia. FERIC-RO  
may provide further evidence about the preva-
lence of ID in patients hospitalized for AHF and 
may elucidate prognostic importance of in-hos-
pital ID for post-discharge outcomes. Further-
more, this acute settings study will provide a 
complete characterization of iron metabolism 
biomarkers and their interaction with clinical 
and biological variables collected during hospi-
talization for AHF.
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