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F urther to the discussions, a position paper with the 
following main provisions was elaborated:

1.  Iron Deficiency (ID) must be regarded as an inde-
pendent clinically significant concomitant condition, 
with the prevalence reaching 50 % among Chronic 
Heart Failure (CHF) patients in Russia.

2.  According to observation studies iron deficiency 
in patients with CHF adversely affects functional 
per for mance and is associated with increased 
hospitalization rates and mortality.

3.   ID must be excluded in all CHF patients, regardless 
of haemoglobin levels; the severity of ID should be 
evaluated. Blood ferritin concentration and trans-
ferrin saturation (TSAT, transferrin saturation coef-
ficient) are currently optimal parameters for defining 
ID.

4.  According to current data, therapy aimed only at in -
creasing blood haemoglobin concentrations does 
not seem to have advantages in influencing the pro-
gnosis and clinical manifestations of CHF, while 
the elimination of ID in CHF patients leads to 

significant clinical benefits even in the absence 
of anaemia.

5.  According to recently available data (the results 
of  Randomized Clinical Trials, RCTs), the intra-
venous use of ferric carboxymaltose should 
be  considered the most consistent approach for 
the treat ment of ID in CHF patients.

Introduction
Chronic heart failure (CHF) is characterised by 

reduced tissue oxygen and nutrient supply. There is also 
an activation of neural and endocrine systems and an 
increased level of inflammation in these patients, often 
associated with ID (in about 50 % of patients) and 
anaemia (in about 40 % of patients) [1, 2].

Results of relatively recent major studies aimed 
at eliminating either anaemia or ID, showed a significant 
difference between the effects of such interventions. 
According to current data, therapy aimed at increasing 
haemoglobin concentration does not seem to have 
advantages, while the elimination of ID leads to 
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significant clinical benefits, including benefits in CHF 
patients without anaemia.

Most clinical guidelines, including the European Socie-
ty of Cardiology, the American College of Cardiology 
and the American Association of Cardio logy guidelines, 
consider anaemia in CHF patients as a clinically 
significant concomitant disease [3]. In the treatment 
of anaemia in such patients the possible elimination of 
anaemia is the main focus, even though in many cases it 
is not possible to reveal a specific cause. A special role 
in the treatment is attributed to the identification of ID 
and its elimination by the intravenous administration of 
ferric carboxymaltose. At the same time, the European 
Society of Cardiology experts do not recommend the use 
of erythropoiesis-stimulating medicinal products in CHF 
patients [3].

Iron deficiency prevalence 
and significance in CHF patients

Patients with CHF are often diagnosed with 
concurrent ID, which is of great clinical importance. 
ID both negatively affects the intensity and quality of 
erythropoiesis, and also leads to a functional deterioration 
in tissues not related to haematopoiesis (e.g., in skeletal 
muscles and myocardium) where iron plays a role of a 
key factor in the functioning of proteins that are involved 
in vital cellular processes – in particular, oxygen storage 
(as a component of myoglobin) and oxidative energy 
metabolism (as a component of oxidative enzymes and 
proteins of the mitochondrial respiratory chain) [4, 5]. 
Clinical studies revealed that ID was associated with a 
decreased functional performance in CHF patients [6–9], 
decreased health-related quality of life [10, 11], as well 
with an increased risk of repeated hospitalizations [12] 
and mortality [6, 13, 14]. Furthermore, this association 
was observed both with and without anaemia.

Results of many international studies showed a high 
ID prevalence among CHF patients, reaching 37–70 % 
[6, 13, 15–18]. The prevalence CHF in the population of 
Russia has not yet been adequately studied.

Current approaches to iron 
deficiency diagnosis in CHF patients

Blood ferritin concentration and TSAT measurement 
is the standard method for ID diagnosis, which is also 
used in large RCTs with CHF patients (in CHF patients 
the criteria for ID are ferritin concentration ≤100 mg / l 
or ferritin concentration 100 to 300 mg / l in combination 
with TSAT < 20 %). However, it should be noted that 
these are not formally validated criteria. Moreover, 
ferritin is an acute phase protein and its concentration is 
dependent on various different factors.

The results of the first study [19] have recently been 
published, where the validity of biomarkers (ferritin 
concentration and TSATs) confirming ID criteria 
in CHF patients was assessed. In this study bone marrow 
iron staining was used as the «gold standard» for ID 
diagnosis. The sensitivity and specificity of the standard 
ID criterion (ferritin concentration ≤100 mg / l or ferritin 
concentration 100 to 300 mg / l in combination with 
TSAT <20 %) were 82 % and 72 %, respectively. The 
sensitivity and specificity of TSAT ≤19.8 %, reached 
94 and 84 %, respectively (p <0.05 compared to the 
standard criterion of ID). The sensitivity and specificity 
of reduced blood iron concentration to ≤13 μmol / L 
were 84 % and 88 %, respectively (p <0.05 compared to 
the standard criterion of ID).

It should also be noted that the meta-analysis results 
of clinical trials also showed no improved prognosis after 
using iron preparations in CHF patients with TSAT of 
≥20.1 %, but an improved prognosis in CHF patients 
with lower TSAT values was demonstrated [20].

Based on a recent systematic review, Cacoub P. et al. 
concluded that TSAT value to a greater extent reflects the 
amount of iron available for bone marrow erythropoiesis 
compared to blood ferritin level [21]. Since TSAT 
is  characterized by lower variability compared to ferritin 
levels, especially in patients with chronic inflammatory 
diseases, a reduced TSAT can be considered a more 
acceptable diagnostic criterion for ID.

The efficacy of different forms 
of iron preparations in CHF patients

In studies evaluating erythropoiesis-stimulating 
therapy, iron preparations were initially used as 
concomitant treatment [3]. Later, awareness of high 
ID prevalence (in about 70 % of patients with anaemia 
and generally in about 50 % of CHF patients), as well as 
observed negative ID clinical consequences and newly 
available intravenous iron preparations, prompted the 
development of studies evaluating the efficacy of iron 
preparations without concomitant erythropoiesis-
stimulating therapies. Initially these studies included 
patients with anaemia, but later they began to include 
patients with ID with or without concomitant anaemia. 
During the phase II IRON-OUT study (Oral Iron 
Repletion Effects On Oxygen Uptake in Heart Failure) 
it was reported that the use of oral medicinal products, 
despite their ease of use, has limitations in CHF 
patients due to impaired iron absorption, as well as low 
patient adherence to therapy (as a result of associated 
gastrointestinal adeverse reactions) [22].

Several RCTs investigated the efficacy of intravenous 
iron [23–26]. All these studies included patients 
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with certain levels of ferritin and TSAT. Generally, 
the results of these studies were similar, despite the 
differences in treatment and follow-up strategies: in 
a short-term period the intravenous administration 
of iron led to an improved grade within the NYHA 
(New York Heart Association), an improved exercise 
tolerance and an improved quality of life. In two largest 
RCTs  – FAIR-HF (Ferinject Assessment in Patients 
with Iron Deficiency and Chronic Heart Failure) and 
CONFIRM-HF (Ferric Carhoxymaltose Evaluation 
on Performance in Patients with Iron Deficiency in 
Combination with Chronic Heart Failure) a   statis-

tically significant increase in blood haemoglobin 
concentrations was also registered. But the effect of 
therapy was similar regardless of whether anaemia was 
present or not [25, 26]. In the EFFECT-HF (Effect 
of  Ferric Carhoxymaltose on Exercise Capacity in 
Patients with Iron Deficiency and Chronic Heart 
Failure) RCT where the efficacy of intravenous ferric 
carboxymaltose was compared to standard treatment 
for CHF patients with ID (n = 172) there was an 
increase of maximum oxygen consumption in the 
intravenous ferric carboxymaltose group compared to 
the control treatment-free group [27].

CHF– chronic heart failure; HFrEF – heart failure with reduced ejection fraction ;  
NYHA – New York Heart Association; TSAT – transferrin saturation coefficient;  
FCM – ferric carboxymaltose. Hb – blood haemoglobin concentration.

Control of ferritin level and TSAT (preferably a�er 3 months)

 Monitoring of ferritin level and TSAT (once or twice a year 
or in case of clinical symptoms or a decrease of haemoglobin)
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Iron de�ciency tests: 
ferritin <100 mg / l or ferritin 100–299 mg / l in combination with TSAT <20%

Tests for anaemia:

Hb <130 g/l (male)     Hb <120 g/l (female)

Anaemia

Hb ≥130 g/l (male)   Hb ≥120 g/l (female)

No Anaemia

Exclusion 
of other anaemia causes

HFrEF (NYHA II–IV)

Administration of calculated ferric carboxymaltose dose (single dose up to 1000 mg; an additional dose a�er a week, if required). 
When the haemoglobin levels are above 150 g/L, i.v. iron preparations are not used

T
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Haemoglobin Patient body weight

g/L mmol/L <35 kg 35–70 kg ≥70 kg

<100 <6.2 500 mg 1500 mg 2000 mg

100–140 6.2–8.7 500 mg 1000 mg 1500 mg

140–150 ≥8.7 до 9.3 500 mg 500 mg 500 mg

Determination of iron requirements. Calculation according to the Table. 

Figure  1. Clinical decision algorithm for the treatment of iron deficiency in CHF patients
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The clinical decision algorithm for the treatment 

of  iron deficiency in CHF patients proposed by the 
experts [28] is presented in Figure 1.

Diagnosis of anaemia 
in patients with chronic heart failure

According to a strict definition anaemia is an absolute 
decrease in the number of red blood cells in the body that 
can be estimated by a complex and expensive analysis 
of blood volume using radioactive medicinal products. 
However, in clinical practice we use indirect parametrs 
such as the blood haemoglobin levels and haematocrit to 
diagnose anaemia. It should be noted that both of these 
parameters depend on the degree of blood thickening, 
and the so-called pseudoanaemia often develops due 
to haemodilution in CHF patients also having volume 
overload [29].

According to the World Health Organization, 
anaemia is diagnosed in men and women when 
haemoglobin levels drop below 13 and 12 g / dl, 
respectively. The validity of such anaemia definition 
has never been formally confirmed, but in the general 
population of individuals with normal renal function, 
the concentration of blood erythropoietin increases 
exponentially when haemoglobin levels drop below 
13 and 12 g / dl in men and women, respectively [30]. 
According to various studies, there is a large variability 
of anaemia prevalence in CHF patients (ranging from 
17 to 70 %), which may be due to differences in the 
criteria of anaemia, differences in patient demographic 
characteristics and concomitant diseases, as well as to 
differences in the types of studies of severity in chronic 
heart failure [31–33].

Aetiology and pathophysiological 
components of iron deficiency and anaemia 
development in chronic heart failure

The development of anaemia in CHF is determined 
by many factors. The highest risk of development is 
observed in patients with Chronic Kidney Disease 
(CKD) or diabetes mellitus, as well as in elderly patients 
[32, 33]. CHF can cause the development of anaemia 
due to various mechanisms; furthermore, anaemia and 
heart failure can also have several common risk factors.

As mentioned above, CHF patients often suffer 
concomitant ID that is observed in approximately 50 % 
of patients [6, 13, 34]. The cause of iron deficiency may 
be due to a combined effect of various factors: nutritional 
iron deficiency, impaired iron absorption in the 
digestive tract, and gastro-intestinal bleeding. Chronic 
inflammation may also play a role in the functional iron 
deficiency [35].

In CHF patients, there can either be high levels of 
erythropoietin (with a phenomenon of erythropoietin 
resistance) or low levels (in patients with concomitant 
CKD, since erythropoietin is synthesized in kidneys) 
[36]. With a decreased bone marrow sensitivity to 
erythropoietin due to internal defects of the bone 
marrow, the blood erythropoietin concentration in 
CHF patients increases [37]. This leads to an excessive 
increase of erythropoietin blood concentration at the 
background of its normal production in CHF patients. In 
these patients, an increased blood erythropoietin level is 
associated with increased risks of adverse outcomes [38].

Drug therapy in CHF patients can also lead to anaemia. 
Angiotensin-converting enzyme inhibitors are known to 
suppress haematopoiesis due to the effect on N-acetyl-
seryl-aspartyl-lysyl-proline, thus leading to an increased 
risk of anaemia. These effects were established in SOLVD 
studies (Studies of Left Ventricular Dysfunction) in the 
enalapril treatment group [39, 40]. In addition, there 
is evidence that carvedilol can lower the haemoglobin 
concentration due to β2-adrenergic blockade [41].

The clinical consequences of anaemia in 
patients with chronic heart failure

In healthy individuals tissue oxygen supply in case of 
haemoglobin concentration decreased to a level as low as 
5 g / dl can be compensated by an increase in both heart 
rate and stroke volume, i.e. due to mechanisms that are 
always impaired in CHF patients [42]. The development 
of anaemia in CHF patients may lead to a decreased 
tissue oxygen supply and thus to aggravation of such 
disease clinical manifestations as shortness of breath 
and fatigue, and, consequently, to further deterioration 
of exercise tolerance and quality of life [43]. The results 
of meta-analysis, which included a total of 153,180 
CHF patients, showed an increased risk of mortality in 
the presence of anaemia (standardized risk ratio 1.46, 
95 % CI, 1.26–1.69) with no differences in effect on 
prognosis between patients with reduced and normal 
left ventricular ejection fraction [31]. The results of two 
observational studies showed the effective elimination 
of anaemia in more than 40 % of CHF outpatients [32, 
33]. Moreover, the prognosis in these patients did not 
differ from the prognosis in patients without anaemia, 
while the persistence of anaemia was associated with a 
decreased survival. It should be noted that the frequency 
of iron and erythropoiesis-stimulating agents use during 
this study was relatively low (21 and 8 %, respectively), 
and the decrease of anaemia severity or its elimination 
was mainly explained by the effects of CHF treatment, 
in particular, by a decrease in volume overload, thus 
eliminating pseudoanaemia [32]. In CHF patients 
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anaemia is often combined with CKD and / or ID 
CHF, which is accompanied by the progression of both 
CKD and CHF and is associated with an unfavorable 
prognosis [44].

Transfusion therapy
Red blood cells transfusion is often considered in the 

presence of severe clinically manifestating anaemia [1]. 
However, data on the efficacy of such a treatment strategy 
in CHF patients is limited. Transfusion therapy has only 
a transient effect and is associated with an additionally 
increased risk in CHF patients due to volume overload, 
or ischaemia-associated complications. Regardless of 
the fact that small clinical studies showed the safety of 
blood transfusion and its advantage (compared to the 
treatment without blood transfusions in patients with 
similar characteristics), two large observational studies 
including CHF patients showed that blood transfusions 
were associated with increased disease clinical 
manifestations and poor prognosis [45, 46]. Given the 
risk of acute haemolytic reactions, infections, acute lung 
damage, allergic reactions and the lack of benefits of 
broad blood transfusion indications, stricter indications 

for haemotransfusions are currently recommended (for 
example, with a blood haemoglobin threshold level of 
7–8 g / dl [47].

The use of erythropoiesis-stimulating agents
Exogenous administration of erythropoietin is 

approved for the treatment of CKD-associated or 
chemotherapy-induced anaemia. The efficacy of anaemia 
treatment in CHF patients using erythropoiesis-
stimulating medicinal products was studied in RED-
HF RCT (Reduction of Events by Darbepoetin Alfa 
in Heart Failure) that included 2,278 patients [48]. In 
this study, CHF patients with clinical manifestations, 
LVEF ≤40 %, and anaemia (haemoglobin level 9 to 
12 g /dl), were assigned to darbepoetin-alpha (target 
haemoglobin concentration of up to 13–14.5 g / dl) 
or placebo. It should be noted that concomitant therapy 
with iron (administered either orally or intravenously) 
was allowed in both groups. In the intervention group, 
the median haemoglobin concentration increased, 
but there was no statistically significant effect on the 
main combined endpoint including all-cause mortality 
or hospitalization rate due to worsening of chronic heart 
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failure, as well as on other adverse outcomes. At  the 
same time, the darbepoetin alpha group compared to 
placebo showed increased ischaemic stroke incidence 
by 1.7 % (p = 0.03), as well as increased embolic or 
thrombotic complications incidence by 3.5 % (p=0.009) 
[48, 49].

Conclusion
In summary, despite the fact that anaemia is often 

associated with ID, the prevalence of isolated ID in CHF 
patients is high, and the benefits of iron treatment appear 
not only due to the effect on hematopoiesis. However, 
according to the data available, and according to expert 
opinion [1], it is reasonable to monitor iron status in all 
CHF patients, regardless of haemoglobin concentration. 
Available evidence (results of RCTs) showed that 
intravenous ferric carboxymaltose should be considered 
the most consistent approach for the treatment of ID in 
CHF patients [25, 26].

Anaemia in CHF patients is still a clinically significant 
concurrent condition. Even though, most clinical trials 
did not confirm the advantage of eliminating anaemia in 
these cases per se. Despite the justification of searching 
for a specific anaemia cause in CHF patients, there is no 
evidence for the efficacy of increasing haemoglobin levels 
using erythropoiesis-stimulating medicinal products.

This type of treatment did not affect the risk of 
mortality and the frequency of repeated hospitalizations 
due to the worsening of CHF, but led to increased 
ischaemic stroke incidence, thus mitigating the small 
positive effect of erythropoietin on CHF clinical 
manifestations.

In contrast, the use of intravenous iron to correct 
iron deficiency anaemia in CHF patients seems to be the 
most promising approach in the treatment of anaemia 
in such cases. Furthermore, the effect of this therapy in 
these patients is not limited by only an increase in blood 
haemoglobin levels.
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