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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
oferythropoietinstimulatingagents(ESA)andparenteral
iron but that was not supported by more recent large
randomizedtrials.Thereisaconcernregardingthesafety
ofESA.Smallstudiesshowedbenefitsfromparenteraliron
aloneorcombinationwithESA.Thiswaspromisingsince
parenteralironisarelativelycheaptherapeuticintervention
totreatanemiainCHFpatients.Sofartherearenoclear
recommendationsregarding the treatmentofCHFrelated
anemia.Thepurposeofthisarticleistoreviewthemost
recent epidemiology, pathophysiology, and therapeutic
optionsforanemiainCHF.
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Introduction
CHF is a complex clinical syndrome resulting from
structural or functional heart disorders,which impair the
ventricularfillingandcontractility.CHFresultsinmultiple
neurohormonalchangesthatadverselyremodelventricular
functionandsubsequentlyleadtodeteriorationofcardiac
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
elevatedinCHFandpossiblyisamarkerofchronicdisease.
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,
functionalcapacity,andmortality.Therefore,itbecomesa
newtargetfortreatmentinCHFpatientswhocontinueto
besymptomaticdespitereceivingoptimalmedicaltherapy
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(1-6).Theauthors in this concise reviewwill summarize
the current understanding of anemia in heart failure and
provideanoverviewofpossibletherapeuticoptions.

Epidemiology
The World Health Organization (WHO) defines anemia
asanyhemoglobinlevel<13.0g/dlinmenand<12.0g/
dlinwomen(2,3,7,8).Theprevalenceofanemiainheart
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
thosepatientstendtobemildlyreducedwithlevelsranging
between10to11.5g/dl.Themoreadvancedthefunctional
class(FC)ofheartfailure(asadoptedbyNewYorkHeart
Association,(NYHA)FCI(mild)throughFCIV(severe
andadvanced)),thehighertheincidenceofanemia.Other
factors associated with a high prevalence of anemia in
CHFincludeolderpatients,impairedkidneyfunction,low
body weight, female gender, and use ofACE inhibitors
(12).Anemiaisalsocommoninheartfailurewithnormal
ejectionfraction(EFisasurrogateforventricularsystolic
function). Brucks et al reported anemia in 42% of 137
patientswithCHFandnormalEF(13).

Pathophysiology of Anemia in CHF
Kidney oxygen sensors usually regulate erythropoietin
(EPO) in response tovarious formsofhypoxia 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
anemiaof chronicdisease (11,13).The exactmechanism
ofanemiaanditsroleinthepathophysiologyofCHFhas
notbeenestablished.Conversely,CHF-relatedmechanisms
contribute to the pathogenesis of anemia. Inflammatory
immune activation occurs as part of the neurohormonal
changesofHFsyndrome,whichhasbeenassociatedwith
increased levels of pro-inflammatory cytokines (17-19).
Recentstudieshavedemonstratedthatcytokinesincluding
TNF-α, interleukin-1 and interleukin-2play amajor role
inthesuppressionoferythropoietinmediatedhemoglobin
synthesismainlybyincreasingthebonemarrowresistance
toEPO(19).Furthermore,cytokinesappeartoalsoenhance
thehepaticsynthesisofthepeptidehepcidinwhichinhibits
thesmallbowelabsorptionofironbybindingFerroportin,
an iron transport protein in small intestine enterocytes
whichleadstodepletedironstores(20,21).Interestingly,
ACEinhibitors,whichareroutinelyimplementedinCHF
medicalmanagement,mayalsocontributetoCHF-related

anemia(12).Theseagentsinhibitangiotensin-2synthesis,
whichplaysaregulatoryroleinerythropoietinproduction,
(22). In addition,ACE inhibitors lead to increased levels
ofAc-SDKP,whichisnormallybroken-downbyanACE-
mediated process (23). Ac-SDKP inhibits erythropoiesis
leading toanemia.Finally, it is important tobeawareof
theroleofhemodilutiononanemiainheartfailurepatients
(24).Thesepatientsoftenhavealargeplasmavolumewith
normalredcellmass(25,26).

Anemia as an Independent Predictor of Chronic Heart 
Failure Outcomes 
Anabundanceofdatahasdemonstratedtheroleofanemia
as an independent predictor of hospitalization, NYHA
functional class, and all causemortality inCHF patients
(27,28). An analysis of the Studies of Left Ventricular
Dysfunction(SOLVD)showedthatthelevelofhematocrit
wasanindependentpredictorofmortalityinpatientswith
left ventricular dysfunction.At 33 months the mortality
was 22%, 27%, and 34% for thosewith a hematocrit of
>40,35to40and<35respectively.Inacohortof1,060
patientswithadvancedCHFandLVEF<40%,Horwich,et
al,revealedthatmildanemiawasassociatedwithworsened
symptoms, functional status, and survival (8). In The
ProspectiveRandomizedAmlodipineSurvivalEvaluation
(PRAISE) trial, anemia was found to be a powerful
independent predictor of survival among 1,130 patients
withCHF and low ejection fraction.  Furthermore, there
wasalinearrelationshipbetweenthelevelofhemoglobin
andpooroutcomesinthePRAISEtrial.Hematocrit(Hct)
levels remain an important predictor of outcomes.When
Hctdecreasedby1%,therewillbean8%increaseinpump
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,abiomarkerthatincreasesduringworsening
ofNYHAfunctionalclassofCHF)levels.Theunderlying
mechanism of this relationship is poorly understood but
anemia may simply reflect a severe cardiac pathology.
Otherpossiblemechanismsof the inverse relationshipof
BNP and hemoglobin levels, which abnormally activate
theneurohormonalsystem,arealteredventricularloading
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
primarilyrepresentsamarkerofpooroutcome.Additional
randomized controlled trials are required to arrive at a
conclusionregardingthispoint.
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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
devicetherapiesfordesperatelyillCHFpatients.Optimal
anemiamanagementinCHFcouldincludeerythropoietin
stimulating agents, parenteral iron therapy, blood
transfusionsoracombinationofthese.

Erythropoietin Stimulating Agents
As mentioned earlier, erythropoietin (EPO)-mediated
erythropoiesisisimpairedinanemicCHFpatientsbecause
of inadequate EPO secretion as well as bone marrow
resistance. Therefore erythropoietin stimulating agents
(ESA)suchasrecombinanthumanerythropoietin--namely
epoetin-α and epoetin-β and darbepoetin-α-- may have
a role in treating anemia in CHF (30). The use of these
agentsinpatientswithanemiaofchronickidneydiseaseis
welldocumented.EPOanditsanaloguestendtoimprove
functional capacity and left ventricular function (31).
PrevioussmallsinglecenterstudiessuggestthatEPOand
parenteralirontherapyadministeredtoCHFpatientswith
anemia over several months resulted in an improvement
offunctionalcapacityandleftventricularfunction.These
reports also indicated that these patients had reduced
renal dysfunction, hospitalizations and diuretics use. (4-
6,32). This improvementwas noticed despite ofmodest
improvementinhemoglobinlevel.Thesebenefitsneedto
beevaluatedcarefullysincetheycouldbeattributedtothe
parenteralirontherapy.Thishasbeensupportedwithsimilar
positiveresultsinarecentlypublishedstudyofintravenous
ironreplacementinCHFknownastheFerinjectAssessment
inPatientswithIronDeficiencyandChronicHeartFailure
(FAIR-HF)trial(33).However,negativeresultsofEPO-like
replacementtherapywasshowninanothertrial,theStudy
ofAnemiainHeartFailureTrial(STAMINA-HeFT).The
laterstudywasthelargestrandomizedplacebocontrolled
trialutilizingESA.Theoutcomedidnotsupport therole
ofESAinimprovingexercisecapacityinCHFpatientsas
reportedbyGhali, et al.They enrolled319patientswith
symptomatic systolicCHF (EF<40%) andmild anemia
(hemoglobinbetween9.0 to12.5gm/dl)and randomized
them to a placebo group (N=157) or a darbepoetin alfa
group(N=162).Thesepatientsweregiventhemedication
subcutaneouslyevery twoweeksforoneyear.Therewas
a significant improvement in hemoglobin levels but not
inexerciseduration,functionalclass,orqualityof lifeas
comparedtotheplacebogroup(34).Itwasobviousthere
isaneedfor largetrials toaddresstheimpactofsuchan
interventiononthemorbidityandmortalityofheartfailure

patients, butmost of theworker in thefieldofESAhas
notbeenoptimistic.TheresultsoftheReductionofEvents
with Darbepoetin alfa in Heart Failure (RED-HF) will
addtothepoolofdataregardingthesafetyandpotential
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 effectswhich include an increased
incidenceofbothvenousthrombosisandhypertension(26,
37)therefore,ESAisnotyetthestandardofcareinheart
failurepatientswithanemia.

Parenteral Iron Administration
Because of the concerns regarding ESA unwanted side
effectsandlackofsupportingdatafortheirtherapeuticuse,
ironadministrationwasstudiedasanalternativetherapeutic
interventionsinHF-relatedanemia.Frankirondeficiency
occurs inasmallnumberofCHFpatientsbutfunctional
irondeficiencyiscommon.Parenteralironadministration
becomesmoreattractivesinceironsaccharate,alsoknown
as iron sucrose complex, comes with less adverse side
effectsthanthelarge-weightdextranforms.
Twosmallrecentstudieshavedemonstratedthatparenteral
sucrose iron, given over severalweeks toCHFpatients,
demonstratedsomebenefit.Bolger,etal,treated16anemic
CHFpatientswith onegramof IV iron sucrose over 12
dayswithmeanfollowupof92±6days.Followingiron
sucrose injection, improvement in Hemoglobin levels,
heart failure symptoms, and functional class capacity
wasconcluded.Further,Bolger,etal,reportednoadverse
effects associated with the use of iron sucrose (38).
Anothersmall,randomizedcontroltrialincluding40CHF
patients randomized toparenteral ironsucroseornormal
salineadministeredoverfiveweekswasandfollowedup
forfivemonths.Patientsincludedintheactivearmofthe
study showed improvement in NYHA functional class,
MinnesotaLivingwithHeartFailureQualityofLifeScore,
NT-proBNP(Nterminal–ProBNP)level,six-minutewalk
test, and left ventricular function. Further, investigators
documenteddecreaseduseofdiuretics; lowerC-reactive
protein,improvedcreatinineclearance,andshorterhospital
stay(39).
Recently during the 2009 annual American Heart
Association(AHA)scientificmeeting,Akersandcolleagues
presented their findings of the Ferinject Assessment in
Patientswith IronDeficiency andChronicHeart Failure
(FAIR-HF)trial,whichwasdesignedasadouble-blinded
randomized study todeterminewhether intravenous iron
replacement (ferric carboxymaltose) therapy benefits
patientswithCHFandirondeficiency.TheFAIR-HFtrial
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reportedthatinpatientswithsystolicheartfailureandiron
deficiencyanemiatreatedwithinjectableironpreparation
(ferriccarboxymaltose),theyrespondedover24weekswith
significantlyimprovedsymptoms,NYHAfunctionalclass,
six-minute-walkdistance,andqualityoflife,regardlessof
whetherornottheyhadanemia(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
colleaguesdemonstratedthatbloodtransfusionincreasedthe
30-daymortalitywithanoddsratioof1.38,CI(1.05-1.80)
inelderlypatientsadmittedwithmyocardialinfarctionwho
arefoundtobemildlyanemicwithhematocritlevelabove
36%(40).Vincent, et al,demonstrated increasedadverse
outcomes in critically ill patients who received blood
transfusions (41).This data raised concern regarding the
safetyofbloodtransfusionsinpatientswithcardiovascular
systemdisease, includingbutnot restricted to the riskof
ironoverloadandincreasedrisksforinfection.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
correctionofmildanemiawithbloodtransfusionsinheart
failurepatients.

Conclusion
Anemia is prevalent in CHF patients and associated
with significant morbidity andmortality. The underlying
etiologyoftheanemiaismultifactorialincludingfunctional
iron deficiency, renal dysfunction, and pro-inflammatory
cytokinesmediatederythropoiesissuppression.While the
results of small studies suggest combination therapy of
EPOlikeanaloguesandparenteralironhaveshownsome
benefit,thedatafromlargecontrolledtrialsdonotsupport
theroutineuseofEPO-likeagentsinheartfailure.
The resultsof theReductionofEventswithDarbepoetin
alfa in Heart Failure (RED-HF) are pending. This large
randomizedstudywillgiveusmuchmoreinformationabout
thesafetyandefficacyoflongactingESAdarbepoetinalfa
onmorbidity andmortality (aswell asqualityof life) in
patientswith anemia inCHF.Current and recent (FAIR-
HF)clinicalstudiesshowedpromisingoutcomeswhenwe
administer IV iron to treatheart failure forCHFpatients
withirondeficiencywithorwithoutanemia
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