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Treatment of Anemia in Patients with Chronic Heart Failure
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ABSTRACT
Anemia occurs frequently in chronic heart failure (CHF) patients and is associated with increased morbidity
and mortality risk. Clinical trials with recombinant human erythropoietin in patients with chronic
kidney disease and concomitant structural heart disease have demonstrated beneficial effects on ventricular
remodeling but variable effects on clinical outcome. Preliminary clinical trials in patients with CHF
demonstrate that erythropoietin therapy is well-tolerated and associated with short-term clinical benefits.
The optimum target hemoglobin, erythropoietin dosing regimen, and role of iron supplementation in
patients with CHF are not known. Darbepoetin alfa is a glycosylated derivative of erythropoietin with
a prolonged half-life that may allow less frequent dosing in CHF populations. Additional studies are
needed to determine the safety and efficacy of long-term erythropoietic therapy in CHF patients.
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Anemia is common in patients with chronic heart failure
(CHF) and is independently associated with increased mortality risk (see review in this supplement). This report will
review the results of clinical trials of erythropoietic therapy
in patients with CHF with and without concomitant chronic
kidney disease (CKD).

subsequent increased proliferation and differentiation of
erythroid cells.1,6 The action of erythropoietin is mediated
by specific receptors expressed on bone marrow erythroid
precursors that are coupled to cytoplasmic and nuclear events
via activation of the JAK2/STAT5 signal transduction pathways.7 Erythropoietin may have physiologic and pharmacologic effects beyond stimulation of red blood cell production;
erythropoietin receptors have been detected in many tissues
including heart, vascular endothelium, retina, and brain.8,9
Laboratory studies and preliminary human studies indicate
that stimulation of erythropoietin receptors inhibits apoptosis
and may be cytoprotective in settings of ischemic or hypoxic
tissue injury.9–11

Erythropoietin Pharmacology
Current knowledge of the clinical pharmacology of recombinant human erythropoietin (rHuEpo) as a therapeutic agent
for correction of anemia is largely derived from studies in
patients with CKD. The recombinant therapeutic agent was
first synthesized in 1985, only 2 years after the erythropoietin
gene was cloned, and was approved for clinical use in 1988.1
Initial studies in end-stage CKD populations indicated that
a dose of 150–200 U·kg⫺1·wk⫺1 (administered via intravenous or subcutaneous routes in 1 to 3 divided doses per week)
was sufficient to increase hemoglobin levels to between 10
and 12 g/dL in 83% to 90% of patients.1–4 Plasma half life
after intravenous dosing is 6 to 8 hours.1,5 Administration
of rHuEpo increases red blood cell mass by inhibition of
apoptosis of erythroid precursors in the bone marrow with

rHuEpo Treatment Trials in Patients With CKD
and Concomitant Heart Disease
The use of rHuEpo in the treatment of chronic anemia was
first applied on a large scale in patients with anemia resulting
from end-stage CKD.1–4 In anemic patients with end-stage
renal disease on dialysis, erythropoietin therapy has been
associated with regression of left ventricular hypertrophy
and reduction in left ventricular end-diastolic volume.12–14
Comparable beneficial effects of erythropoietin therapy on
cardiac remodeling have also been demonstrated in predialysis anemic patients with CKD and concomitant structural
heart disease.15,16
Despite 15 years of clinical experience, the optimal hemoglobin target in CKD populations has not been well-established. In a multicenter, randomized, open-label trial of
erythropoietin therapy in 1233 end-stage CKD patients on
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chronic hemodialysis with concomitant history of cardiac
disease (heart failure or coronary artery disease), raising
hematocrit to a the normal range (target hematocrit 42%)
was associated with a trend toward increased risk of death
or nonfatal myocardial infarction (relative risk 1.3, 95%
confidence interval 0.9–1.9) when compared with raising
hematocrit to a subnormal range (target hematocrit 30%).17
However, within each treatment group, increasing hematocrit was associated with decreased mortality. Although
nearly half of the patients had a history of CHF, normalization of hematocrit in that subset of patients was not associated with increased risk of hospitalization for heart failure
or risk of death from heart failure when compared with
the lower hemoglobin target group.
Subsequent smaller clinical trials of hemoglobin normalization in less severely ill patients with CKD have not corroborated the findings of the trial by Besarab and colleagues.
In a randomized clinical trial of 146 patients with end-stage
renal disease and concomitant left ventricular hypertrophy
or left ventricular dilation, erythropoietin therapy adjusted to
achieve a target hemoglobin of 13.5 g/dL was associated
with improved quality of life and reduced fatigue without
evidence of increased risk of adverse events or death when
compared with a target hemoglobin of 10 g/dL.18 In another
randomized trial of 416 patients with CKD (majority on
dialysis) and a high prevalence of concomitant heart disease
(38% ischemic heart disease or heart failure), erythropoietin
therapy adjusted to achieve a normal hemoglobin level
(13.5–15.0 g/dL in women, 14.5–16.0 g/dL in men) was
associated with improved quality of life when compared
with erythropoietin adjusted to hemoglobin level of 9.0 to
12.0 g/dL with no difference in mortality between the 2
groups during follow-up of approximately 1 year (13.4%
versus 13.5%, P ⫽ .98).19
Silverberg and colleagues have reported a large nonrandomized clinical series of erythropoietic therapy in 179 patients with severe CHF, mild to moderate CKD (predialysis
with mean serum creatinine 2.1–2.4 mg/dL) and coexisting
anemia (hemoglobin 9.5–11.5 g/dL).20 Nearly half of these
patients also had type II diabetes mellitus. Patients received
treatment with subcutaneous erythropoietin 4000 to 10,000
U/wk and intravenous iron sucrose 400 to 800 mg/mo (adjusted to achieve serum ferritin 500 µg/L) with target hemoglobin of 12.5 g/dL over a mean duration of follow-up of
1 year. Hemoglobin increased significantly from baseline in
both diabetic and nondiabetic subjects by a mean of 2.0
to 2.2 g/dL during follow-up. Erythropoietic therapy was
associated with clinical improvements in both diabetic and
nondiabetic subjects as evidence by increased functional
capacity (New York Heart Association [NYHA] 3.89 ⫾ 0.24
to 2.53 ⫾ 0.42 in diabetics and 3.91 ⫾ 0.24 to 2.55 ⫾ 0.48 in
nondiabetics, both P ⬍ .05 versus baseline), improved left
ventricular ejection fraction (34.8 ⫾ 13.5% to 39.8 ⫾ 8.0%
in diabetics and 35.0 ⫾ 15.5% to 37.6 ⫾ 11.7% in nondiabetics, both P ⬍ .05 versus baseline), reduced hospitalizations, and evidence of slowing of progression of renal
disease. One-year mortality rate in the study population with

severe CHF was a surprisingly low 10.1%. The lack of
a suitable control group limits interpretation of these findings,
but this report is consistent with previous randomized studies in predialysis CKD patients and suggests that erythropoietic therapy should be considered as a possible treatment
option for the population of anemic patients with coexisting
CHF and mild to moderate CKD.
rHuEpo Treatment Trials in CHF
Initial experience of recombinant human erythropoietin
therapy in patients with CHF was reported by Silverberg
and colleagues in 2 sequential studies.21,22 In an open-label,
nonrandomized study design, 26 patients with NYHA class
III-IV CHF and hemoglobin ⬍12 g/dL were treated with
subcutaneous rHuEpo (mean dose 5277 U/wk) and intravenous iron sucrose (mean dose 185 mg/mo) adjusted to
achieve a target hemoglobin of 12 m/dL over a mean followup duration of 7 months. The mean hemoglobin increased
from 10.2 to 12.1 g/dL. Erythropoietin therapy was associated with improved function class (3.66 ⫾ 0.47 at baseline
to 2.66 ⫾ 0.70, P ⬍ .05), increased left ventricular ejection fraction (27.7 ⫾ 4.8% at baseline to 35.4 ⫾ 7.6%,
P ⬍ .001), and reduced need for oral and intravenous furosemide.21 After completion of this pilot trial, the same group
of investigators performed a randomized open-label trial to
compare the effects of partial correction of anemia with
subcutaneous rHuEpo and intravenous iron sucrose therapy
versus usual care in 32 patients with NYHA class III-IV
CHF and hemoglobin ⬍11.5 g/dL.22 Patients randomized to
erythropoietic therapy received subcutaneous rHuEpo (4000
U 1–3 times weekly) and intravenous iron sucrose (200 mg
every 2 weeks) adjusted to achieve a target hemoglobin of
12.5 g/dL over a mean follow-up duration of 8 months.
Hemoglobin significantly increased in response to rHuEpo
therapy when compared with usual care (10.3 to 12.9 g/dL
versus 10.9 to 10.8 g/dL, P ⬍ .0001). Erythropoietin therapy
improved functional class (3.8 ⫾ 0.4 to 2.2 ⫾ 0.7 active
treatment versus 3.5 ⫾ 0.7 to 3.9 ⫾ 0.3 usual care,
P ⬍ .0001) and decreased days in hospital (13.8 ⫾ 7.2 to
2.9 ⫾ 6.6 days active treatment versus 9.9 ⫾ 4.8 to
15.5 ⫾ 9.8 days usual care, P ⬍ .0001).
Based on the promising findings of these pilot trials, Mancini and colleagues conducted a single-blind, randomized,
placebo-controlled trial of erythropoietin therapy in 26 patients with advanced CHF, hematocrit ⬍35%, and serum
creatinine ⬍2.5 mg/dL.23 Patients received subcutaneous
rHuEpo 5000 3 times weekly adjusted to raise hematocrit
to ⬎45% for 3 months or a single subcutaneous injection
of saline (2:1 randomization ratio). Patients treated with
erythropoietin also received oral iron supplementation 325
mg daily and supplemental folate 1 mg daily. Erythropoietin
therapy was associated with significant increases in hemoglobin (11.0 ⫾ 0.5 to 14.3 ⫾ 1.0 g/dL, P ⬍ .05), peak
oxygen uptake (11.0 ⫾ 1.8 to 12.7 ⫾ 2.8 mL·min⫺1·kg⫺1,
P ⬍ .05), and exercise duration (590 ⫾ 107 to 657 ⫾ 119
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seconds, P ⬍ .004) when compared with the placebo group.
The increase in hemoglobin levels was significantly associated with the increase in peak oxygen uptake (r ⫽ .53,
P ⬍ .02). In a subgroup of 15 patients (9 erythropoietintreated and 6 placebo-treated), blood volume analysis was
performed with injection of 131I-albumin. Hemodilution (expanded plasma volume with normal red blood cell volume)
was identified as the cause of anemia in 4 of the 9 patients
receiving erythropoietin therapy. In these patients, erythropoietin therapy was associated with increased red blood cell
volume and substantial compensatory reduction in plasma
volume with no net change in total blood volume. The observed reduction in plasma volume occurred without change
in diuretic use and is consistent with the previous report of
reduced diuretic requirements during rHuEpo therapy by
Silverberg and colleagues.
Erythropoietin Resistance
Three of the 15 patients in the study by Mancini and
colleagues randomized to erythropoietin therapy did not respond to the initial dose of erythropoietin injections but did
manifest a rise in hemoglobin when the dose was increased to
10,000 U 3 times weekly. Poor responsiveness to the usual
therapeutic doses of rHuEpo occurs in approximately 10%
of patients with CKD and is most often attributable to iron
deficiency, underdialysis, or concomitant inflammatory
conditions.24 Patients with end-stage renal disease on hemodialysis often have iron deficiency from chronic blood loss
and intravenous iron supplements are routinely used to promote erythropoiesis in this setting.1,2,6 In predialysis patients
with CKD, parenteral iron may not be necessary during
rHuEpo therapy.25 Resistance to erythropoietin therapy has
also been reported in 40% to 50% of patients with cancerassociated anemia.26 The incidence of erythropoietin resistance and the role of adjunct intravenous iron supplementation
in anemic CHF patients remains to be determined.
Clinical Trials of Darbepoetin Alfa in CKD
Darbepoetin alfa is a long-acting N-linked glycosylated
derivative of erythropoietin that has been used in the treatment of anemia in patients with chronic renal disease.27
Despite the change in structure from the native erythropoietin glycoprotein, darbepoetin alfa retains strong affinity for
erythropoietin receptors. Because of its long half-life (48
hours), darbepoetin alfa may be administered subcutaneously at intervals of 1 to 2 weeks during maintenance therapy.27 In 122 anemic patients with end-stage CKD not
previously treated with erythropoietin, once-weekly darbepoetin alfa administered at a dose of 0.45 to 0.75 µg/kg
intravenously or subcutaneously raised hemoglobin 1 g/dL in
60% to 80% of patients within 4 weeks.28 In an open-label
study of 341 patients with end-stage renal disease chronically
treated with rHuEpo, darbepoetin alfa was substituted at a
regimen based on the frequency and number of units of
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rHuEpo dosing (200 U rHuEpo ⫽ 1 µg darbepoetin alfa,
patients with 2–3 times weekly rHuEpo dosing received
darbepoetin alfa once weekly and patients with once-weekly
rHuEpo dosing received darbepoetin alfa once every other
week).29 The route of administration of rHuEpo (subcutaneous or intravenous) was maintained for darbepoetin alfa
administration. There were no clinically important changes
from baseline hemoglobin after 24 weeks of follow-up, although the intravenous darbepoetin alfa was associated with
a statistically significant increase of hemoglobin of 0.58 g/
dL (P ⬍ .05 versus baseline).
Conclusions
Preliminary studies indicate that erythropoietin therapy is
well-tolerated and associated with short-term clinical benefit
in patient with CHF. The optimal target hematocrit, erythropoietin dosing regimen, and iron supplementation regimen
for anemic patients with CHF remain to be determined.
Based on currently approved indications and the results from
studies in CKD populations, some CHF patients with relatively severe anemia (Hgb levels ⬍11 g/dL) and concomitant
moderate to severe CKD could be considered as potential
candidates for erythropoietic therapy.
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