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Abstract

Despite advances in chronic heart failure (CHF) medical
and device therapy in recent years, CHF continues to be
a syndrome associated with significant morbidity and
mortality. Abundance of data suggests that anemia is
prevalent in CHF. The pathophysiology of CHF-related
anemia is complex and poorly understood. Earlier small
trials demonstrated improvement in morbidity with use
of erythropoietin stimulating agents (ESA) and parenteral
iron but that was not supported by more recent large
randomized trials. There is a concern regarding the safety
of ESA. Small studies showed benefits from parenteral iron
alone or combination with ESA. This was promising since
parenteral iron is a relatively cheap therapeutic intervention
to treat anemia in CHF patients. So far there are no clear
recommendations regarding the treatment of CHF related
anemia. The purpose of this article is to review the most
recent epidemiology, pathophysiology, and therapeutic
options for anemia in CHF.
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Introduction

CHF is a complex clinical syndrome resulting from
structural or functional heart disorders, which impair the
ventricular filling and contractility. CHF results in multiple
neurohormonal changes that adversely remodel ventricular
function and subsequently lead to deterioration of cardiac
function, as well as, significant increases in morbidity
and mortality (1-3). Anemia is not an outcome of these
neurohormonal changes since erythropoietin is usually
elevated in CHF and possibly is a marker of chronic disease.
Anemia is well recognized as an independent predictor
of poor outcomes in CHF (3,7-11). Anemia treatment
as shown in multiple studies improves CHF symptoms,
functional capacity, and mortality. Therefore, it becomes a
new target for treatment in CHF patients who continue to
be symptomatic despite receiving optimal medical therapy
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(1-6). The authors in this concise review will summarize
the current understanding of anemia in heart failure and
provide an overview of possible therapeutic options.

Epidemiology

The World Health Organization (WHO) defines anemia
as any hemoglobin level < 13.0 g/dl in men and < 12.0 g/
dl in women (2,3,7,8). The prevalence of anemia in heart
failure syndrome has been well established (2,3,7.8).
Anemia affects up to 61% of heart failure patients with
systolic dysfunction (2,3,7-9). The hemoglobin levels in
those patients tend to be mildly reduced with levels ranging
between 10 to 11.5 g/dl. The more advanced the functional
class (FC) of heart failure (as adopted by New York Heart
Association, (NYHA) FC I (mild) through FC IV (severe
and advanced)), the higher the incidence of anemia. Other
factors associated with a high prevalence of anemia in
CHF include older patients, impaired kidney function, low
body weight, female gender, and use of ACE inhibitors
(12). Anemia is also common in heart failure with normal
ejection fraction (EF is a surrogate for ventricular systolic
function). Brucks et al reported anemia in 42% of 137
patients with CHF and normal EF (13).

Pathophysiology of Anemia in CHF

Kidney oxygen sensors usually regulate erythropoietin
(EPO) in response to various forms of hypoxia including
but not restricted to anemia and low blood oxygen
capacity. In these conditions, the kidney will release
EPO, which will stimulate bone marrow erythropoiesis
(14-16). The majority of anemia in CHF patients is of
the normocytic, normochromic type and is classified as
anemia of chronic disease (11,13). The exact mechanism
of anemia and its role in the pathophysiology of CHF has
not been established. Conversely, CHF-related mechanisms
contribute to the pathogenesis of anemia. Inflammatory
immune activation occurs as part of the neurohormonal
changes of HF syndrome, which has been associated with
increased levels of pro-inflammatory cytokines (17-19).
Recent studies have demonstrated that cytokines including
TNF-a, interleukin-1 and interleukin-2 play a major role
in the suppression of erythropoietin mediated hemoglobin
synthesis mainly by increasing the bone marrow resistance
to EPO (19). Furthermore, cytokines appear to also enhance
the hepatic synthesis of the peptide hepcidin which inhibits
the small bowel absorption of iron by binding Ferroportin,
an iron transport protein in small intestine enterocytes
which leads to depleted iron stores (20, 21). Interestingly,
ACE inhibitors, which are routinely implemented in CHF
medical management, may also contribute to CHF-related
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anemia (12). These agents inhibit angiotensin-2 synthesis,
which plays a regulatory role in erythropoietin production,
(22). In addition, ACE inhibitors lead to increased levels
of Ac-SDKP, which is normally broken-down by an ACE-
mediated process (23). Ac-SDKP inhibits erythropoiesis
leading to anemia. Finally, it is important to be aware of
the role of hemodilution on anemia in heart failure patients
(24). These patients often have a large plasma volume with
normal red cell mass (25,26).

Anemia as an Independent Predictor of Chronic Heart
Failure Outcomes

An abundance of data has demonstrated the role of anemia
as an independent predictor of hospitalization, NYHA
functional class, and all cause mortality in CHF patients
(27,28). An analysis of the Studies of Left Ventricular
Dysfunction (SOLVD) showed that the level of hematocrit
was an independent predictor of mortality in patients with
left ventricular dysfunction. At 33 months the mortality
was 22%, 27%, and 34% for those with a hematocrit of
> 40, 35 to 40 and < 35 respectively. In a cohort of 1,060
patients with advanced CHF and LVEF < 40 %, Horwich, et
al, revealed that mild anemia was associated with worsened
symptoms, functional status, and survival (8). In The
Prospective Randomized Amlodipine Survival Evaluation
(PRAISE) trial, anemia was found to be a powerful
independent predictor of survival among 1,130 patients
with CHF and low ejection fraction. Furthermore, there
was a linear relationship between the level of hemoglobin
and poor outcomes in the PRAISE trial. Hematocrit (Hct)
levels remain an important predictor of outcomes. When
Hct decreased by 1%, there will be an 8% increase in pump
failure death (HR 1.08, 95% CI 1.05 to 1.12, p< 0.001)
(10). There also appears to be an inverse relationship
between hemoglobin level and serum brain natriuretic
peptide (BNP, a biomarker that increases during worsening
of NYHA functional class of CHF) levels. The underlying
mechanism of this relationship is poorly understood but
anemia may simply reflect a severe cardiac pathology.
Other possible mechanisms of the inverse relationship of
BNP and hemoglobin levels, which abnormally activate
the neurohormonal system, are altered ventricular loading
conditions, increased free radicals, and elevated plasma
cytokines (28). It remains unclear whether anemia plays
a major part in the pathophysiology of CHF or if it
primarily represents a marker of poor outcome. Additional
randomized controlled trials are required to arrive at a
conclusion regarding this point.
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Therapeutic Options of Anemia in Chronic Heart
Failure

Treatment of anemia in CHF remains is a therapeutic
option in addition to traditional optimal medical and
device therapies for desperately ill CHF patients. Optimal
anemia management in CHF could include erythropoietin
stimulating agents, parenteral iron therapy, blood
transfusions or a combination of these.

Erythropoietin Stimulating Agents

As mentioned earlier, erythropoietin (EPO)-mediated
erythropoiesis is impaired in anemic CHF patients because
of inadequate EPO secretion as well as bone marrow
resistance. Therefore erythropoietin stimulating agents
(ESA) such as recombinant human erythropoietin--namely
epoetin-o. and epoetin-} and darbepoetin-o-- may have
a role in treating anemia in CHF (30). The use of these
agents in patients with anemia of chronic kidney disease is
well documented. EPO and its analogues tend to improve
functional capacity and left ventricular function (31).
Previous small single center studies suggest that EPO and
parenteral iron therapy administered to CHF patients with
anemia over several months resulted in an improvement
of functional capacity and left ventricular function. These
reports also indicated that these patients had reduced
renal dysfunction, hospitalizations and diuretics use. (4-
6,32). This improvement was noticed despite of modest
improvement in hemoglobin level. These benefits need to
be evaluated carefully since they could be attributed to the
parenteral iron therapy. This has been supported with similar
positive results in a recently published study of intravenous
iron replacement in CHF known as the Ferinject Assessment
in Patients with Iron Deficiency and Chronic Heart Failure
(FAIR-HF) trial (33). However, negative results of EPO-like
replacement therapy was shown in another trial, the Study
of Anemia in Heart Failure Trial (STAMINA-HeFT). The
later study was the largest randomized placebo controlled
trial utilizing ESA. The outcome did not support the role
of ESA in improving exercise capacity in CHF patients as
reported by Ghali, et al. They enrolled 319 patients with
symptomatic systolic CHF (EF < 40%) and mild anemia
(hemoglobin between 9.0 to 12.5 gm/dl) and randomized
them to a placebo group (N=157) or a darbepoetin alfa
group (N=162). These patients were given the medication
subcutaneously every two weeks for one year. There was
a significant improvement in hemoglobin levels but not
in exercise duration, functional class, or quality of life as
compared to the placebo group (34). It was obvious there
is a need for large trials to address the impact of such an
intervention on the morbidity and mortality of heart failure
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patients, but most of the worker in the field of ESA has
not been optimistic. The results of the Reduction of Events
with Darbepoetin alfa in Heart Failure (RED-HF) will
add to the pool of data regarding the safety and potential
role of anemia treatment with darbepoetin alfa in CHF
(35, 36). In addition to the lack of current supporting
data of ESA utilization in CHF, there is a concern for
its unwanted adverse effects which include an increased
incidence of both venous thrombosis and hypertension (26,
37) therefore, ESA is not yet the standard of care in heart
failure patients with anemia.

Parenteral Iron Administration

Because of the concerns regarding ESA unwanted side
effects and lack of supporting data for their therapeutic use,
iron administration was studied as an alternative therapeutic
interventions in HF-related anemia. Frank iron deficiency
occurs in a small number of CHF patients but functional
iron deficiency is common. Parenteral iron administration
becomes more attractive since iron saccharate, also known
as iron sucrose complex, comes with less adverse side
effects than the large-weight dextran forms.

Two small recent studies have demonstrated that parenteral
sucrose iron, given over several weeks to CHF patients,
demonstrated some benefit. Bolger, et al, treated 16 anemic
CHF patients with one gram of IV iron sucrose over 12
days with mean follow up of 92 + 6 days. Following iron
sucrose injection, improvement in Hemoglobin levels,
heart failure symptoms, and functional class capacity
was concluded. Further, Bolger, et al, reported no adverse
effects associated with the use of iron sucrose (38).
Another small, randomized control trial including 40 CHF
patients randomized to parenteral iron sucrose or normal
saline administered over five weeks was and followed up
for five months. Patients included in the active arm of the
study showed improvement in NYHA functional class,
Minnesota Living with Heart Failure Quality of Life Score,
NT-proBNP (N terminal — Pro BNP) level, six-minute walk
test, and left ventricular function. Further, investigators
documented decreased use of diuretics; lower C-reactive
protein, improved creatinine clearance, and shorter hospital
stay (39).

Recently during the 2009 annual American Heart
Association (AHA) scientific meeting, Akers and colleagues
presented their findings of the Ferinject Assessment in
Patients with Iron Deficiency and Chronic Heart Failure
(FAIR-HF) trial, which was designed as a double-blinded
randomized study to determine whether intravenous iron
replacement (ferric carboxymaltose) therapy benefits
patients with CHF and iron deficiency. The FAIR-HF trial
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reported that in patients with systolic heart failure and iron
deficiency anemia treated with injectable iron preparation
(ferric carboxymaltose), they responded over 24 weeks with
significantly improved symptoms, NYHA functional class,
six-minute-walk distance, and quality of life, regardless of
whether or not they had anemia (33).

Blood Transfusion in Heart Failure Related Anemia
The role of blood transfusions in mildly or moderately
anemic CHF patients is debatable. Wen-Chih Wu and
colleagues demonstrated thatblood transfusion increased the
30-day mortality with an odds ratio of 1.38, CI (1.05-1.80)
in elderly patients admitted with myocardial infarction who
are found to be mildly anemic with hematocrit level above
36% (40). Vincent, et al, demonstrated increased adverse
outcomes in critically ill patients who received blood
transfusions (41). This data raised concern regarding the
safety of blood transfusions in patients with cardiovascular
system disease, including but not restricted to the risk of
iron overload and increased risks for infection. Thus, blood
transfusions should be avoided in heart failure patients
unless there is sever anemia (42). The recommendations
based on these data do not support the overzealous
correction of mild anemia with blood transfusions in heart
failure patients.

Conclusion

Anemia is prevalent in CHF patients and associated
with significant morbidity and mortality. The underlying
etiology of the anemia is multifactorial including functional
iron deficiency, renal dysfunction, and pro-inflammatory
cytokines mediated erythropoiesis suppression. While the
results of small studies suggest combination therapy of
EPO like analogues and parenteral iron have shown some
benefit, the data from large controlled trials do not support
the routine use of EPO-like agents in heart failure.

The results of the Reduction of Events with Darbepoetin
alfa in Heart Failure (RED-HF) are pending. This large
randomized study will give us much more information about
the safety and efficacy of long acting ESA darbepoetin alfa
on morbidity and mortality (as well as quality of life) in
patients with anemia in CHF. Current and recent (FAIR-
HF) clinical studies showed promising outcomes when we
administer IV iron to treat heart failure for CHF patients
with iron deficiency with or without anemia
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