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Anemia, Heart Failure and Evidence-Based Clinical Management
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Abstract

Anemia is a prevalent comorbidity and marker of a poorer
prognosis in patients with heart failure (HF). Its clinical
relevance, as well as its pathophysiology and the clinical
management of these patients are important subjects in the
specialized literature. In the present review, we describe
the current concepts on the pathophysiology of anemia
in HF, its diagnostic criteria, and the recommendations for
iron supplementation. Also, we make a critical analysis of
the major studies showing evidences on the benefits of this
supplementation. The four main components of anemia
are addressed: chronic disease, dilutional, “renal” and
malabsorption. In patients with HF, the diagnostic criteria
are the same as those used in the general population: serum
ferritin levels lower than 30 mcg/L in patients without kidney
diseases and lower than 100 mcg/L or serum ferritin levels
between 100-299 mcg/L with transferring saturation lower
than 20% in patients with chronic kidney diseases. Finally,
the therapeutic possibilities for anemia in this specific patient
population are discussed.

Introduction

Heart failure (HF) is the major cause of hospital admissions
in the Unified Health System (Sistema Unico de Sadde — SUS)
in individuals older than 65 years, and its prevalence tends
to grow because of the increase in life expectancy of the
population and of the higher effectiveness of medications that
decrease morbidity and mortality’. Despite improvements
in its pharmacological treatment, the prognosis is still poor,
with a five-year survival rate lower than 50%?*. According to
the Registration and Access Permission System developed by
the Ministry of Health in the SUS Department of Information
Technology (DATASUS), there were 261,361 admissions
for heart failure in Brazil in 2011, accounting for 22.6% of
hospitalizations for cardiovascular diseases*.

Several studies have demonstrated that anemia is a
prevalent comorbidity in patients with HF, and a marker
of a worse outcome, with increased left ventricular mass,
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rehospitalizations and increased mortality>'°. Data on the
prevalence of anemia in HF vary because of the use of
different definitions for anemia''; however, it is estimated at
approximately 35%'" 2.

Anemia is more prevalent when HF and chronic kidney
disease (CKD) coexist'®, and the degree of anemia is directly
proportional to the degree of CKD. This association is
explained by the role of the kidneys in the pathophysiology
of anemia. However, patients with HF and CKD develop a
higher degree of anemia than those with CKD alone.

The degree of anemia is also associated with the severity
of HFE i.e., with a worse exercise tolerance with loss of the
NYHA (New York Heart Association) functional capacity; with
the elevation of atrial natriuretic peptide (BNP); left ventricular
dilatation and/or hypertrophy; systolic and/or diastolic
dysfunction; increased pulmonary artery pressure; reduction
in oxygen consumption during exercise or at rest; with the
degree of fluid retention; and reduction of the quality of life'>.
Iron deficiency is an independent risk factor for mortality or
need for cardiac transplantation in HF'®.

Based on these evidences, the Brazilian Guideline for
Chronic Heart Failure, published in 2012, suggests intravenous
iron supplementation in patients with iron deficiency for
improvement of symptoms. The dosage is guided by ferritin
levels and/or transferin saturation (ferritin < 100 mcg/L or
ferritin 100-299 mcg/L with transferrin saturation < 20%), with
indication I1A and level of evidence B". In this guideline, the
authors mention a study which demonstrated the beneficial
effect of ferric carboxymaltose®.

Objectives

In view of the relevance of the topic, the objectives of
this review are to make a summarized description of the
pathophysiology of anemia in HF and the criteria for its diagnosis,
and to critically analyze the major studies that support the
recommendation of iron supplementation in this clinical situation.

Pathophysiology

The pathophysiology of anemia in HF is multifactorial and
has been didactically divided into four main mechanisms:
anemia of chronic disease, dilutional anemia, “renal”
anemia, and malabsorption anemia'®. These mechanisms are
summarized in Figure 1.

The common link between these mechanisms are the
increased levels of cytokines, such as IL6 and TNF-alpha,
which are directly related to the degree of HF, acting in
endothelial dysfunction, oxidative stress, induction of anemia,
myocyte apoptosis, in the gradual loss of skeletal muscle
mass, and BNP release in response to myocardial stress.
Progression of cardiac dysfunction causes tissue hypoxia, with
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Figure 1 - Main mechanisms of the pathophysiology of anemia in HF.

proinflammatory activation and tissue nitric oxide release,
which leads to peripheral vasodilatation and decreased blood
pressure, and consequent reactive sympathetic overactivation
with tachycardia, renal vasoconstriction, renin-angiotensin-
aldosterone system activation'**', and dilutional anemia.
This neurohumoral activation deriving from hypoxia causes
the progression of cardiac dysfunction and also worsens the
anemia that results from the action of inflammatory cytokines
(anemia of chronic disease), that lead to decreased renal
production and resistance to the erythropoietin action in the
bone marrow?*?3. Worsening of the systolic function and/
or renal vasoconstriction also cause a reduction in the renal
erythropoietin production due to a decreased renal flow and
hypoxic damage to erythropoietin-producing renal medullary
cells (anemia of renal disease)'. Thus, a vicious cycle is closed
that has been called cardio-renal anemia syndrome?*2>.

Another mechanism of induction of anemia in HF is
explained by the inflammatory cytokines action in the liver,
stimulating the hepatic production of hepcidin and reducing
both the intestinal iron absorption and the iron reserve
release from the macrophages for hematopoiesis, leading to
iron-deficiency anemia’. Thus, iron-deficiency/deprivation
anemia in patients with HF may be secondary to a reduction in
cytokine-hepcidin-mediated iron absorption®?*; to decreased
food intake, since the proinflammatory state leads to loss
of appetite; to malabsorption secondary to bowel edema
or gastrointestinal losses in patients using antiplatelet and

anticoagulant agents'®; or to drug action. For instance, proton
secretion inhibitors may impair iron absorption by reducing the
acidic ph; ACE inhibitors and angiotensin-receptor blockers
may inhibit erythropoietin production by blocking angiotensin
production and action (erythropoiesis stimulator). Also, in the
case of ACE inhibitors, levels of bone marrow depressors may
increase, leading to a slight reduction in hemoglobin?26:27,

Diagnosis
According to the World Health Organization, anemia is

defined as a hemoglobin concentration < 13 g/dL in men and
< 12 g/dL in women?’.

Iron deficiency in the general population is defined as serum
ferritin levels < 30 mcg/L. In patients with chronic kidney
disease, it is defined as serum ferritin < 100 mcg/L (absolute
iron deficiency) or serum ferritin between 100-299 mcg/L, with
a transferrin saturation < 20% (functional iron deficiency)'**%2°.
These values were extrapolated for patients with HF in studies
evaluating anemia in this clinical situation'®'*3,

Treatment

Oral vs. Intravenous iron

Most of the studies on iron supplementation have
been conducted in populations of patients with CKD,
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and have provided evidence of a better clinical response
with intravenous iron in comparison to the oral route. Less
side effects, better absorption, and better compliance to
treatment have been described, without the need for the use
of erythropoiesis stimulating agents for the hemoglobin target
between 11.5 and 12 g/dL to be achieved?®'-.

Some studies have reported an absence of response of
increase in hemoglobin and/or improvement of cardiac
parameters within one year of treatment**, whereas others
have reported a hematological response between 3 and 6
months'.

There are several types of parenteral iron: iron dextran,
iron gluconate, iron saccharate, and ferric carboxymaltose®.
The latter two compounds were used in the two major studies
on iron supplementation in HF.

Iron dextran may be administered intravenously or
intramuscularly. It is a molecule with high antigenicity and
requires a pre-treatment test to evaluate the development of
symptoms of allergic or anaphylactic reaction, which occur in
0.5-1% of cases. Late hypersensitivity reactions, i.e., between
24 and 48 hours up to weeks after the administration, can
also be observed; these reactions are characterized by fever,
malaise, headache, lymphadenomegaly, arthralgia and
myalgia, and may occur in more than 10% of the patients
treated?.

Iron gluconate is a compound more stable than iron
dextran, and its administration is associated with the
occurrence of severe anaphylactic reaction and late reaction
in 0.04% and 0.4% of cases, respectively. This medication
has been validated for use in hemodialysis patients, in the
treatment of anemia in patients with cancer, and in severely ill
patients in intensive care units. However, it is not commercially
available in Brazil*.

Iron saccharate is a medication with minimum
immunogenicity (occurrence of allergic reaction < 1/100,000
infusions). In Brazil, ferric hydroxide saccharate is the only
option for the treatment with parenteral iron. It is marketed
in vials containing 2 mL and 100 mg of elemental iron for
intramuscular use, and vials containing 5 mL and 100 mg of
elemental iron for intravenous use. The Ganzoni formula is
used for the calculation of the total dose required: [Hb (g/dL)
desired - Hb (g/dL) found] x body weight (Kg) x 2.4 + 500°°.
For intravenous administration, it is necessary to observe the
maximum dose limit of 200 mg per application (two vials) and
the maximum weekly dose of 500 mg. Also, it is necessary to
observe the minimum 24-hour interval between applications®”.

Ferric carboxymaltose has the advantage of enabling
the administration of 1,000 mg of iron in only 15 minutes,
with a minimum risk of adverse effects. This dose facilitates
treatment, and prevents waste of time and the need for several
appointments during therapy?.

The most frequent adverse effects of these ferric
compounds are gastrointestinal disturbances described as
nausea, vomiting, abdominal pain, diarrhea or constipation
and metallic taste. These side effects are significantly more
frequent with oral replacement?®37.

The two major studies corroboratingiron supplementation
in patients with iron-deficiency anemia are FERRIC-HF,
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published in 2008, and FAIR-HF, published in 2009 and
cited in the updating of the Guideline on Chronic Heart
Failure of the Brazilian Society of Cardiology, published
in 2012".

The FERRIC-HF study (Effect of Intravenous Iron
Sucrose on Exercise Tolerance in Anemic and Nonanemic
Patients with Symptomatic Chronic Heart Failure and Iron
Deficiency) included 35 patients who were followed up
for only 18 weeks, which limits data extrapolation for the
clinical practice. However, it was a relevant study given
the scarcity of information on this topic. In this study,
anemic (Hb < 12.5 g/dL) and nonanemic patients (Hb
between 12.5 and 14.5 g/dL) with ferritin < 100 ng/mL or
between 100-300 ng/mL when associated with transferrin
saturation < 20%, from two European centers, were
randomized to receive placebo or intravenous iron sucrose
at a 200 mg dose per week to achieve the correction of
the calculated iron deficiency. Clinical and laboratorial
reassessment of the patients was carried out at weeks 1,
4,8,12, 16, and 18. Treatment was discontinued for two
weeks if serum ferritin was > 500 ng/mL and/or transferrin
saturation > 45% or Hb > 16 g/dL. Treatment was resumed
when: ferritin < 500 ng/mL, transferrin saturation < 45%
and Hb < 16 g/dL. Among all patients studied, the fatigue
score was significantly lower in the group treated in relation
to the placebo group. This was the most important finding
of that study. A statistically significant improvement in the
peak oxygen consumption (VO,)/kg and functional capacity
was also observed, however with little clinical relevance®”.

The FAIR-HF study (Ferric Carboxymaltose in Patients
with Heart Failure and Iron Deficiency) was a randomized
double-blind clinical study which included 459 patients
with NYHA functional class (FC) II-1ll patients with left
ventricular ejection fraction < 40% for FC Il or < 45%
for FC 111, iron deficiency (serum ferritin < 100mcg/L or
between 100-299 mcg/L if transferring saturation < 20%)
and hemoglobin level between 9.5 and 13.5 g/dL. The
patients were randomized to receive ferric carboxymaltose
either 200 mg or saline solution. The total iron dose was
calculated using the Ganzoni formula, and the weekly dose
administered was 200 mg. Then, a monthly maintenance
iron dose of 200 mg was administered. Clinical and
laboratorial reassessment of patients was made at weeks
4,12, 24 and 26. If ferritin was higher than 800 mcg/L or
between 500-800 mcg with transferrin saturation > 50%
or Hb > 16 g/L, iron supplementation was discontinued.
When ferritin levels dropped to 400 mcg/L, transferrin
saturation < 45% and Hb < 16 g/dL, treatment was
resumed'®.

Assessment of the quality of life and functional capacity
at week 24 comprised the primary endpoint and at weeks
4 and 12, the secondary endpoint. With respect to the
primary endpoint, among patients who received the
ferric compound, 50% reported improvement of their
functional capacity in comparison to 28% of those receiving
saline solution (OR = 2.51; 95% Cl: 1.75-3.6). At week
24, among patients of the ferric carboxymaltose group,
47% reported FC I-Il in comparison to 30% of patients
of the placebo group (OR = 2.4; 95% Cl: 1.55-3.71). In
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relation to the secondary endpoint, there was a significant
improvement in the quality of life and functional capacity at
weeks 4 and 12, with stabilization of the distance walked in
the 6-minute walking test at week 12. Mortality and adverse
events rates were similar between the groups. In this study,
the fact that the improvement in the functional capacity
was limited to the subgroup with ischemic heart disease is
noteworthy. Maybe this finding results from the small number
of nonischemic patients included (20%). However, this is a
topic that remains to be elucidated in the literature.

Erythropoiesis-stimulating agents (erythropoietin,
darbepoetin)

Recent studies on chronic kidney disease have
demonstrated that these agents are associated with an
increased incidence of cardiovascular events including
hypertension, stroke, and thromboembolic disorders**3?, as
well as with a worse prognosis in oncologic patients, with
a significant increase in the incidence of thromboembolic
phenomena**#!.

Erythropoiesis-stimulating agents may also promote an
increase in blood pressure and vascular injury by means
of several mechanisms, including the increase in cytosolic
calcium concentration, renin-angiotensin system activation,
increased endothelin production, coagulation system
activation, and lower nitric oxide production®.

One of the possible causes for the increased
cardiovascular mortality is iron depletion secondary to
increased erythropoiesis, which would lead to reactive
thrombocytosis and eventually to the development of
cardiovascular and embolic events*.

The major study on the use of darbepoetin in anemic
patients with heart failure (STAMINA study — Study of Anemia
in a Heart Failure Population) was a prospective, randomized,
double-blind clinical study including 319 patients with
hemoglobin < 12.5 g/dL and FC II-IV HF with ejection
fraction < 40%. The individuals were randomized to
receive placebo or darbepoetin alpha, with the objective of
keeping hemoglobin at 14 g/dL. The results did not show
improvement of the functional capacity among the groups**.

When administered in combination with oral or intravenous
iron, the erythropoiesis-stimulating agents were associated
with an improvement of the severity of heart failure,
characterized by decreased hospitalization; improvement of
the functional class; 6-minute walking test showing a decrease
in oxygen consumption during the test; reduction in BNP
levels; increase in ejection fraction; and improvement of the
quality of life*>#¢. There were also evidences of improvement
of the renal function; reduction of diuretic dose, heart rate,
and depression signs; improvement of sleep apnea; reduction
of plasma volume; and improvement of the ventricular
function and oxidative stress'>'%4751,

Treatment prescription

Intravenous iron supplementation®?
In determined conditions, when intravenous iron

supplementation may improve symptoms, the medication
is prescribed at a dose of one iron vial per week for ten
weeks, or two vials every two weeks for five weeks. In
these patients, Hb/Ht levels are monitored monthly and
iron reserve, every three months. Barretto et al described
a practical formula for the calculation of the total iron
amount (in mL):

N(mL)= [(Weight in Kg x Dhb x 2.4) + 500 mg]/20,
where

N = amount of iron, in mL, to be administered
intravenously

Dhb = difference between hemoglobin desired and
found

500 mg = iron reserve required

Erythropoietin supplementation®

Human recombinant erythropoietin supplementation
should be started using the subcutaneous route at a weekly
dose of 4,000 U to 5,000 U (up to 10,000 U per week)
until hemoglobin levels higher than 12.5 g/dL are achieved.

In these patients, hemoglobin levels should be
determined monthly and iron reserve, every three months.

Conclusion

Scientific evidences corroborate intravenous iron
supplementation in symptomatic patients with HF due to
systolic dysfunction and anemia or iron deficiency in the
presence of optimized clinical treatment. Nonetheless, the
long-term effects of iron supplementation have not been
studied in this group of patients. Iron is known to be pro-
oxidant; it may inhibit the nitric oxide signaling and lead
to irreversible cell injury. Iron overload is associated with
endothelial dysfunction and increased risk of coronary
events®. The duration of follow-up of these patients in
the studies was short and the maintenance dose and
administration of iron supplementation were variable.
There is no clear definition in the literature of how to
proceed after correction of anemia or iron deficiency.
Thus, the indication of iron supplementation should be
customized and judicious. It seems reasonable to suggest a
customization of the therapeutic approach by monitoring
the laboratory profile in every case, while following
the recommendations of the Brazilian Guidelines on
chronic HF'”:

* Intravenous iron in patients with iron deficiency
(ferritin < 100 or ferritin between 100 and 299 with
transferrin saturation < 20%) for improvement of
symptoms, as class Ila recommendation and level of
evidence B;

* Blood transfusion in anemic patients (Hb < 7 g/dL) and
dilated cardiomyopathy of ischemic and nonischemic etiology,
as class lla recommendation and level of evidence C;

* Intravenous erythropoietin/iron for the correction
of anemia (Hb < 12 g/dL) in patients with dialytic or
pre-dialytic chronic kidney failure and HF, as class Ilb
recommendation and level of evidence B.
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Perspectives

Further multicenter randomized controlled studies should
be carried out to evaluate the impact of iron supplementation
combined with erythropoiesis-stimulating agents on endpoints
of morbidity and mortality of HFE. Also, it is necessary to
elucidate whether there are different responses on endpoints
of patients with ischemic HF in comparison to those with
nonischemic HF. Finally, it is necessary to evaluate whether
the effect of iron sucrose is comparable to that of iron
carboxymaltose.
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