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Anemia in Chronic Heart Failure
Prevalence, Etiology, Clinical Correlates, and Treatment Options

Yi-Da Tang, MD, PhD; Stuart D. Katz, MD

Anemia occurs commonly in patients with chronic heart
failure (CHF) and has been proposed as a novel thera-

peutic target in this patient population. The present review
will summarize the current knowledge of the prevalence,
causative factors, and pathophysiological correlates of ane-
mia in CHF. Potential risks and benefits of therapy with
erythropoietic agents for the treatment of anemia in CHF will
also be discussed.

Prevalence of Anemia in CHF
Estimates of the prevalence of anemia in patients with CHF
and low ejection fraction range widely from 4% to 61%
(median 18%).1–15 Variability in estimated prevalence is
partly attributable to use of inconsistent definitions of anemia
in individual reports. The World Health Organization defini-
tion of anemia (hemoglobin concentration �13.0 g/dL in men
and �12.0 g/dL in women) takes into account known gender
differences in distribution of hemoglobin values,16 whereas
the National Kidney Foundation defines anemia as hemoglo-
bin �12 g/dL in men and postmenopausal women.17 These
standard definitions of anemia are not based on well-
established physiological or population norms. Published
reports in CHF populations have used these and other
study-specific definitions of anemia (including other arbitrary
or statistically defined hemoglobin and hematocrit categories
and administrative diagnostic codes from hospital records).
Despite these inconsistencies in the definition of anemia
cases, most studies indicate that the prevalence of anemia is
increased in CHF populations with comorbid kidney disease,
advanced age, and more severe symptoms (range, 30% to
61%) when compared with less symptomatic ambulatory
populations (range, 4% to 23%). In patients with CHF and
preserved ejection fraction, the few published reports indicate
that anemia is also highly prevalent in this group.18–20

Underlying Cause of Anemia in CHF
Anemia occurs when there is a deficiency in new erythrocyte
production relative to the rate of removal of aged erythro-
cytes. Erythropoietin, a 30.4-kDa glycoprotein growth factor
produced primarily by kidney, is the key component of the
homeostatic system for regulation of red blood cell mass and
tissue oxygen delivery.21–24 Erythropoietin prevents the pro-
grammed cell death of erythrocyte progenitor cells and

thereby stimulates their proliferation, maturation, and termi-
nal differentiation.23 Any abnormality that reduces renal
secretion of or bone marrow response to erythropoietin may
result in anemia.

Iron deficiency is present in �30% of anemic patients with
CHF, so the majority of observed anemia is normocytic, often
classified as anemia of chronic disease. Clinical characteris-
tics commonly associated with increased risk of anemia in
CHF populations are listed in the Table. Although risk factors
for anemia identified in cross-sectional studies do not provide
evidence of a causal link, these observations suggest that
several distinct mechanisms may commonly contribute to
anemia in patients with CHF. Several of the most important
potential causal pathways will be discussed briefly below and
are summarized in Figure 1.

Chronic kidney disease is a common comorbidity in
patients with CHF and is a strong independent predictor of
increased risk of anemia in several studies. In chronic kidney
disease populations without heart failure, moderate to severe
kidney disease (defined as glomerular filtration rate [GFR]
�60 mL/min) is associated with diminished erythropoietin
production and a progressive decrease in hemoglobin values
that is linearly related to reduction in GFR.25 The estimated
prevalence of at least moderate chronic kidney disease
(defined as GFR �60 mL/min) in CHF populations is 20% to
40%.4,9,26,27

Anemia is frequently associated with decreased body mass
index in published reports, a finding that suggests that
patients with cachexia are at greater risk for anemia. Serum
levels of proinflammatory cytokines are increased in cachec-
tic patients with CHF and may contribute to development of
anemia by several mechanisms. Proinflammatory cytokines
including tumor necrosis factor-� (TNF-�), interleukin-1,
and interleukin-6 have been shown to disrupt multiple aspects
of erythropoiesis, including reduction of renal erythropoietin
secretion, suppression of erythropoietin activity in red blood
cell precursors in the bone marrow level, and reduction of
bioavailability of iron stores for hemoglobin synthesis.28–31

Proinflammatory cytokines also increase levels of the liver-
derived peptide hormone, hepcidin.32,33 Hepcidin interacts
with ferroportin and other iron transport proteins in the
enterocyte to inhibit gut iron absorption and thereby reduces
iron bioavailability for hemoglobin synthesis.32,33 In a mouse
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model of heart failure induced by myocardial infarction,
anemia was linked to activation of the TNF-�/Fas signaling
pathway.34 The number of bone marrow progenitor cells and
the proliferative capacity of these cells were reduced by 40%
to 50% in heart failure mice when compared with control
animals. A 3-fold increase in apoptosis among progenitor
cells in heart failure mice was significantly correlated with
the increase of TNF-�/Fas expression in bone marrow natural
killer and T cells.34 In patients with CHF, increased levels of
proinflammatory cytokines (TNF-� and soluble TNF recep-
tors) or other blood markers of inflammation (C-reactive
protein) are inversely related to the hemoglobin level.35

The renin-angiotensin system plays an integral role in the
normal regulation of plasma volume and red blood cell
volume. Increased angiotensin II signaling in the kidney
alters peritubular oxygen tension, a key regulatory factor for
erythropoietin secretion.21,24 Reduced oxygen tension in the
peritubular fibroblasts of the renal cortex is associated with
increased intracellular concentrations of reactive oxygen
species, which, in turn, increases activation of hypoxia
inducible factor-1 (HIF-1) and erythropoietin gene expres-
sion.36 Angiotensin II increases erythropoietin secretion by
reducing renal blood flow and increasing proximal tubular
reabsorption.21 Angiotensin II may also have direct stimula-
tory effects on bone marrow erythrocyte precursors.37 Eryth-
ropoietin levels are modestly increased in patients with CHF
in proportion to measures of activation of the renin-angioten-
sin system.38 Inhibition of the renin-angiotensin system with
either ACE inhibitors or angiotensin receptor blockers is
associated with decreased erythropoietin production and re-

duced hemoglobin levels.12,39,40 ACE also catalyzes the
breakdown of Ac-SDKP, a tetrapeptide inhibitor of erythro-
poiesis. In ACE inhibitor–treated anemic CHF subjects with
low serum ACE activity, Ac-SDKP levels are increased when
compared with nonanemic CHF subjects.41 Serum taken from
anemic patients with CHF with high levels of Ac-SDKP
inhibited formation of erythroid precursors in culture when
compared with serum from nonanemic CHF or healthy
control subjects. The effects of ACE inhibition on hematocrit
are complex as ACE inhibition may decrease red cell pro-
duction and also reduce plasma volume (see discussion on
hemodilution below). In clinical trials, pharmacological inhi-
bition of the renin-angiotensin system is associated with
small but statistically significant reduction in hemoglobin
levels.12,40,42

Anemia is frequently associated with clinical signs and
symptoms of congestion, a finding that suggests that plasma
volume expansion may contribute to anemia in CHF by a
process of hemodilution. In 37 ambulatory nonedematous
anemic patients with CHF, a radiolabeled albumin technique
for direct measurement of plasma volume demonstrated 46%
of the patients with low hematocrit values had normal red
blood cell volume such that the anemia was entirely attribut-
able to expanded plasma volume and consequent hemodilu-
tion.3 Patients with hemodilution were clinically similar to
patients with reduced red blood cell volume but were at
greater risk for mortality during follow-up. The impact of
hemodilution on treatment approaches in anemic patients
with CHF is uncertain. Administration of erythropoietic
agents to increase red blood mass in hemodilution patients
could further increase total blood volume with possible
adverse clinical consequences. Alternatively, it is possible
that more aggressive treatment with diuretics could reduce
plasma volume and effectively correct anemia in hemodilu-
tion patients.

Pathophysiological Consequences of Anemia
Severe reduction in hemoglobin (to 4 to 5 g/dL) is associated
with sodium and water retention, reduction of renal blood
flow and glomerular filtration rate, and evidence of neuro-
hormonal activation in the absence of organic heart disease.43

These cardiorenal responses may be attributable to the effects

Figure 1. Potential causes of anemia in chronic
heart failure.

Clinical Characteristics Associated With Increased Risk
of Anemia

Increasing age

Female gender

Chronic kidney disease (increased serum creatinine or decreased GFR)

Decreased body mass index

Use of ACE inhibitors

Increased jugular venous pressure

Lower-extremity edema
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of severe anemia on blood viscosity, oxygen tension in the
microvasculature, and nitric oxide availability.44,45 Lesser
degrees of anemia may contribute to neurohormonal activa-
tion and disease progression in patients with CHF.46 In
patients with �-thalassemia syndromes, heart failure is a
common complication that is likely mediated by the hemo-
dynamic and neurohormonal effects of severe chronic anemia
and iron overload secondary to chronic transfusion require-
ments.47 Aggressive iron chelation therapy greatly reduces
but does not eliminate the risk of heart failure in these
patients.

Hemoglobin content in blood is an important determinant
of oxygen delivery to skeletal muscle during exercise. Pa-
tients with CHF lack normal physiological reserve to com-
pensate for decreased hemoglobin and may manifest de-
creased aerobic capacity in response to mild degrees of
anemia.48 Several investigators have reported association
between reduced hemoglobin and greater functional impair-
ment as defined by New York Heart Association classifica-
tion.3,15,49 Kalra and colleagues50 reported a linear relation
between reduced hemoglobin values and peak oxygen con-
sumption in anemic patients with CHF with hemoglobin
�13.0 g/dL.

Cardiac mass increased by 25% in a rat model of chronic
anemia.51 An inverse relation between hemoglobin value or
hematocrit value and left ventricular hypertrophy has also
described in clinical studies of patients with dialysis-
dependent and predialysis chronic kidney disease.52 In a
subgroup of patients with CHF enrolled in the Randomized
Etanercept North American Strategy to Study Antagonism of
Cytokines (RENAISSANCE) trial with available cardiac
MRI data, a 1-g/dL increase in hemoglobin was associated
with a 4.1-g/m2 decrease in left ventricular mass over 24
weeks.49 This observation was independent of study drug
treatment and does not provide evidence of a causal relation
between changes in hemoglobin levels and changes in left
ventricular mass. In two randomized trials of patients with
chronic kidney disease, increased hemoglobin in response to
erythropoietic agents was not associated with reduction in left
ventricular hypertrophy.53,54

Anemia and Clinical Outcomes
Reduced hemoglobin in patients with CHF has been repeatedly
shown to be independently associated with increased risk of
hospitalization and all-cause mortality.2–6,8,9,11–13,15,19,42,49 These
findings in a diverse array of CHF populations are remarkably
concordant and generally suggest a linear association between
reduced hemoglobin and increased mortality risk. In studies that
analyzed hemoglobin as a continuous variable, a 1-g/dL de-
crease in hemoglobin was independently associated with signif-
icantly increased mortality risk (Figure 2). The potential mech-
anisms linking anemia to increased mortality risk in CHF have
not been characterized but may be related to changes in ventric-
ular loading conditions and cardiac structure, altered neurohor-
monal activation, or reduced free radical scavenging capacity. It
is also possible that anemia is a marker of more severe
underlying myocardial disease.

Treatment Approaches
The clinical utility of blood transfusion in anemic cardiovas-
cular disease populations is controversial. According to the
guidelines from the American College of Physicians and the
American Society of Anesthesiology, the “transfusion thresh-
old” for patients without known risk factors for cardiac
disease is a hemoglobin level in the range of 6 to 8 g/dL.55 In
78 974 elderly patients hospitalized with acute myocardial
infarction, blood transfusion was associated with a signifi-
cantly lower 30-day mortality rate among patients with a
hematocrit �30% on admission.56 In 838 critically ill patients
(26% with cardiovascular disease), maintaining hemoglobin
at 10 to 12 g/dL did not provide additional benefits on 30-day
mortality compared with maintaining hemoglobin at 7 to 9
g/dL.57 Blood transfusion may be associated with other
adverse effects including immunosuppression with increased
risk of infection, sensitization to HLA antigens, and iron
overload.58,59 Given this profile of risks and benefits, trans-
fusion may be considered as an acute treatment for severe
anemia on an individualized basis but does not appear to be
a viable therapeutic strategy for the long-term management of
chronic anemia in CHF.

Although erythropoietin levels are modestly elevated in
patients with CHF, the increase is less than that observed in
other anemic populations.27,38,60 Accordingly, anemia in CHF
may be responsive to exogenous erythropoietin supplemen-
tation. The primary mechanism by which erythropoietin
stimulates red blood cell production is inhibition of apoptosis
of bone marrow erythrocyte progenitors.23 The erythropoietin
receptor is a member of the cytokine class I receptor
superfamily.61 Ligand binding of erythropoietin to the ho-
modimeric erythropoietin receptor activates antiapoptotic sig-
nal transduction pathways.23,62 Bone marrow erythroid pro-
genitor cells escape from apoptosis and proliferate to result in

Figure 2. Estimates of hazard ratio (with 95% CI) for all-cause
mortality associated with a decrease in hemoglobin of 1 g/dL.
Estimates are derived from Cox proportional hazards models
with adjustment for potential confounding variables. For studies
with first author Al-Ahmad, Kosiborod and Mozaffarian, esti-
mates of hazard ratio were derived from published data assum-
ing a 1 g/dL decrease in hemoglobin is equivalent to a 3%
decrease in hematocrit. The analysis by Mozaffarian included
subjects with hematocrit �37.5%. Anand and colleagues did
not report confidence intervals for their estimate of risk. Mag-
gione and colleagues reported estimates of risk from 2 study
populations enrolled in the IN-CHF registry and the Val-HeFT
clinical trial.
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the growth and maturation of proerythroblasts and normo-
blasts. Subsequently, reticulocytosis occurs and hemoglobin
concentration rises.

There are 3 currently available erythropoietic agents for
treatment of anemia: epoetin-�, epoetin-� (both of which are
recombinant human erythropoietin [rHuEpo]), and
darbepoetin-�.31 rHuEpo was first synthesized in 1985, 2
years after the erythropoietin gene was cloned, and was
approved by the US Food and Drug Administration for
clinical use for treatment of anemia in end-stage chronic
kidney disease in 1988.63 Early studies in dialysis-dependent
patients with chronic kidney disease showed that intravenous
or subcutaneous administration of 150 to 200 IU/kg per week
(in 1 to 3 divided doses) increased hemoglobin concentrations
to 10 to 12 g/dL in 83% to 90% of anemic patients with
chronic kidney disease.64 Plasma half-life of rHuEpo after
intravenous dosing is 6 to 8 hours. Approximately 25% of the
administered dose is absorbed after subcutaneous dosing, but
the plasma half-life is increased to �24 hours.65 The amount
of subcutaneous rHuEpo needed to achieve hemoglobin
targets in patients with chronic kidney disease is approxi-
mately 25% less than that needed for intravenous dosing.65

Darbepoetin-� is a long-acting, N-linked supersialylated
analog of human erythropoietin approved by the US Food and
Drug Administration for the treatment of anemia in patients
with chronic kidney disease in 2001.30 Compared with both
native and recombinant erythropoietin, it has stronger affinity
for erythropoietin receptor and longer plasma half-life of
approximately 48 hours, with consequent longer dosing
intervals of 1 to 2 weeks during maintenance therapy.66,67

The effect of rHuEpo treatment on anemic patients with
CHF was first reported by Silverberg and his colleagues.1 In
an open-label study design, 26 anemic chronic HF patients
(NYHA class III–IV and hemoglobin �12 g/dL) were treated
with subcutaneous rHuEpo (mean dose, 5277 IU/wk) and
intravenous iron sucrose (mean dose, 185 mg/mo) with 4 to
15 months of follow-up duration (mean, 7 months). rHuEpo
therapy increased mean hemoglobin from 10.2 to 12.1 g/dL
and was associated with improved NYHA function class
(3.7�0.5 at baseline to 2.7�0.7, P�0.05), increased left
ventricular ejection fraction (28�5% at baseline to 35�8%,
P�0.001), and reduced need for oral and intravenous furo-
semide.1 The same investigators subsequently reported a
randomized open-label trial with a mean follow-up duration
of 8 months to compare the effects of partial correction of
anemia with subcutaneous rHuEpo and intravenous iron
sucrose therapy versus usual care in 32 patients with severe
CHF and anemia (NYHA class III–IV and hemoglobin �11.5
g/dL).68 When compared with usual care, the rHuEpo therapy
(4000 IU 1 to 3 times weekly subcutaneously plus intrave-
nous iron sucrose 200 mg every 2 weeks) significantly
increased the hemoglobin level (10.3 to 12.9 g/dL versus 10.9
to 10.8 g/dL, P�0.0001), improved NYHA functional class
(rHuEpo 3.8�0.4 to 2.2�0.7 versus usual care 3.5�0.7 to
3.9�0.3, P�0.0001), and decreased hospitalization days
(rHuEpo 13.8�7.2 to 2.9�6.6 days versus usual care
9.9�4.8 versus 15.5�9.8 days, P�0.0001).68 An uncon-
trolled clinical series from the same investigators demon-
strated comparable clinical benefits of rHuEpo in 179 patients

with CHF and concomitant predialysis chronic kidney dis-
ease.69 Mancini and colleagues70 conducted a single-blinded,
randomized, placebo-controlled trial of rHuEpo therapy in 26
patients with advanced CHF and anemia (hematocrit �35%).
Patients received subcutaneous rHuEpo 5000 IU 3 times per
week adjusted to raise hematocrit to �45% for up to 3 months
or a single subcutaneous injection of saline. Supplemental
oral iron and folate were also given to the patients who
received rHuEpo therapy. Compared with the placebo group,
rHuEpo therapy was associated with significant increases in
hemoglobin (11.0�0.5 to 14.3�1.0 g/dL, P�0.05), peak
oxygen uptake (11.0�1.8 to 12.7�2.8 mL/min per kilogram,
P�0.05), and treadmill exercise duration (590�107 to
657�119 seconds, P�0.004). The increases in hemoglobin
levels were linearly associated with the increase in peak
oxygen uptake (r�0.53, P�0.02).70 Subjects with both he-
modilution anemia and true anemia with reduced red blood
cell volume appeared to derive comparable improvement in
exercise capacity in response to rHuEpo therapy. In the
hemodilution subgroup with expanded plasma volume, the
rise in measured hematocrit in response to rHuEPO treatment
was primarily due to a decrease in plasma volume. As diuretic
dosing did not change during the study, this finding suggests
that erythropoietin has direct or indirect effects on renal
regulation of plasma volume.

The pharmacokinetic and pharmacodynamic profile of
darbepoetin-� was compared in 33 anemic CHF patients
(hemoglobin �12.5 g/dL) versus 30 healthy subjects.71

Darbepoetin-� administered once monthly at doses of 2.0
�g/kg or higher produced a sustained increase in hemoglobin
concentration in anemic patients with CHF without severe
drug-related adverse events.71 The effect of treatment with
darbepoetin-� (0.7 �g/kg subcutaneously every 2 weeks for
26 weeks) on exercise tolerance in 41 anemic patients with
CHF (hemoglobin 9 to 12 g/dL) was evaluated in a random-
ized placebo controlled trial.72 An abstract report of the study
findings indicates favorable effects of darbepoetin-� on
exercise duration and quality of life when compared with
placebo.72 A larger double-blinded, placebo-controlled, ran-
domized trial, Studies of Anemia in Heart Failure Trial
(STAMINA HeFT), was undertaken to determine whether
increased hemoglobin in response to darbepoetin-� can im-
prove exercise capacity and quality of life in 300 anemic
patients with CHF.73 The study has completed enrollment, but
results have not yet been published.

Potential Risks of Erythropoietic Therapy
Erythropoietic agents are associated with increased risk of
thrombosis. Increased thrombotic risk may be partly attribut-
able to effects of increased hemoglobin levels on blood
viscosity or platelet–erythrocyte interactions or to direct
effects of erythropoietin in platelets or vascular endothelial
cells.74–76 Clinical studies on the incidence of thrombotic
events associated with chronic rHuEpo therapy in anemic
patients with end-stage renal disease on dialysis have re-
ported mixed findings.77–79 In the largest randomized clinical
trial to date, Besarab and colleagues77 compared the effects of
treatment with rHuEpo to a low target hematocrit of 30%
versus a normal range target hemoglobin of 42% in 1233
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patients with hemodialysis-dependent end-stage chronic kid-
ney disease and comorbid heart disease. This study was
terminated prematurely because of a trend toward increased
relative risk of death or nonfatal myocardial infarction in the
group assigned to the normal hemoglobin target when com-
pared with group assigned to the target hematocrit of 30%
(relative risk, 1.3, 95% CI, 0.9 to 1.9). The mechanisms
underlying this observation are uncertain, as within each
treatment group, higher hemoglobin values were associated
with reduced risk. In a retrospective study of anemic patients
with cervical cancer, chronic rHuEpo therapy was associated
with increased risk of deep vein thrombosis that was inde-
pendent of hematocrit.80 rHuEPO therapy has also been
associated with increased risk of all-cause mortality in 2
randomized, placebo-controlled trials of patients with breast
cancer and head and neck cancer.81,82 Thrombotic events
were not common causes of death in these studies. Although
the findings in chronic kidney disease and cancer populations
may not be directly pertinent to patients with CHF, these
findings raise concerns and emphasize the need for additional
trials to determine the long-term safety and efficacy of
erythropoietic agents in the CHF population. In the small
clinical trials of anemic patients with CHF summarized
above, no thrombotic events or other adverse effects of
erythropoietic agents have been reported in approximately
300 patients.1,68–70,72 Antiplatelet and anticoagulant medica-
tions commonly prescribed in patients with CHF may miti-
gate prothrombotic effects of erythropoietic agents.

Chronic rHuEPO therapy is frequently associated with
increased blood pressure.83,84 Increased blood pressure during
chronic erythropoietic therapy may be attributable to in-
creased blood viscosity due to increased red cell mass, altered
neurohormonal milieu, and direct effects on microvascular
structure and function.84,85 In patients with chronic kidney
disease, risk factors for hypertension include rapid increase in
hematocrit during therapy, a low baseline hematocrit before
rHuEpo administration, high doses and intravenous route of
rHuEPO administration, the presence of native kidneys, and a
genetic predisposition to hypertension.85 In the study of
anemic subjects with CHF by Mancini and colleagues,70 treat-
ment with rHuEPO did not change blood pressure at rest or
during exercise and did not change forearm vascular resistance
as measured with venous occlusion plethysmography.

Other rare serious side effects reported with rHuEPO
therapy include seizures and pure red cell aplasia caused by
antibody formation against erythropoietin.

Role of Iron Supplementation
Although frank iron deficiency is apparent in only a minority
of anemic patients with CHF, functional iron deficiency,
which is characterized by reduced availability of tissue iron
stores for erythropoiesis, may be a common problem in the
CHF population.86 Available small studies in anemic patients
with CHF demonstrated significant increases in hemoglobin
values in response to rHuEpo with intravenous or oral iron
supplementation.69,70 Current guidelines from the National
Kidney Foundation recommend use of intravenous iron to
maintain serum ferritin level of 100 to 800 ng/mL and a
transferrin saturation 20% to 50% to optimize the clinical

response to erythropoietic agents.17 Although intravenous
iron sucrose and iron gluconate preparations are not associ-
ated with anaphylaxis and are generally well tolerated in
chronic kidney disease populations, there are concerns that
excess iron stores may be associated with increased risk of
infection and cardiovascular events.17,87,88 Additional work is
needed to determine the safety and efficacy of intravenous
iron supplementation in anemic patients with CHF with
functional iron deficiency.

Recommendations for Current Practice
There is little discussion of assessment and treatment options
for anemia in recent CHF clinical guidelines.89,90 On the basis
of available data, we recommend serial measurement of
hemoglobin in patients with CHF at 6-month intervals in
order to identify the subset of patients with anemia who may
benefit from further assessment and treatment. In patients
with anemia (defined by World Health Organization criteria),
further assessment including evaluation for iron or other
nutritional deficiencies and estimation of glomerular filtration
rate should be performed. For the subpopulation of patients
with CHF with moderate-to-severe anemia (hemoglobin �11
g/dL) and concomitant moderate to severe chronic kidney
disease (estimated glomerular filtration rate �60 mL/min),
current guidelines of the National Kidney Foundation recom-
mend treatment with erythropoietic agents and supplemental
iron to a target hemoglobin of 12 g/dL.17,27 The primary goal
of treatment is to improve quality of life; there are no clinical
outcome trials in predialysis patients with chronic kidney
disease that support use of erythropoietic agents. Given the
absence of data on long-term clinical outcomes in patients
with CHF and the concerns raised by the finding of increased
mortality rates in other anemic populations, treatment with
erythropoietic agents in patients with CHF with less severe
degrees of anemia and preserved renal function is not
recommended until more data on safety and efficacy is
available.91

Future Directions
The erythropoietin receptor is present in a variety of cells not
directly involved in erythropoiesis, including endothelial
cells, vascular smooth muscle cells, neuronal cells, and
myocardium.92,93 Cytoprotective antiapoptotic effects of
erythropoietin have been reported in animal models of central
nervous system injury and in experimental models of myo-
cardial hypoxia or ischemia-reperfusion injury.93–96 Because
ongoing apoptosis has been postulated to be an important
mechanism of myocyte loss in CHF, the antiapoptotic effects
of rHuEpo in cardiovascular tissues suggest a potential
therapeutic role beyond the treatment of anemia.97 Certain
derivatives of naturally occurring erythropoietin (carbamy-
lated erythropoietin and erythropoietin mutants) do not bind
to the classical erythropoietin receptor nor promote erythro-
poiesis and yet have been shown to confer neuroprotection in
experimental models of stroke, spinal cord compression, and
diabetic neuropathy.98 These derivatives appear to mediate
cytoprotective effects via specific binding to a heterodimeric
receptor complex consisting of the erythropoietin receptor
and common �-receptor.99,100 Derivatives designed to target
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this heteroreceptor could potentially provide therapeutic cy-
toprotection without stimulating erythropoiesis in nonanemic
CHF or other cardiovascular disease populations.

Conclusions
Preliminary studies suggest potential beneficial effects of
treatment of anemia with erythropoietic agents on exercise
capacity and quality of life. Further studies are needed to
determine the optimal threshold for initiation of treatment and
target hemoglobin during therapy, optimum dosing regimen
and choice of erythropoietic agent, the role of intravenous or
oral iron supplementation, and long-term safety of erythro-
poietic agents in anemic patients with CHF.
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