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Anemia and Heart Failure: Addressing Functional Iron Deficiency
by Amanda Peffer, Pharm.D.

IntheU.S, heart falure (HF) isamgor cause of hospitalization, morbidity and mortality.
A commonfindinginpatientswithHF isanemia, definedasHgb <12g/dL forwomenor <13g/
dL for men.2 Inturn, anemiahasbeen associated with anincreasad risk of mortality inpetients
with both pre-exiging cardiovascular disease and end-gage rend failure26 Studies in HF
patientswith alow basdine Hgb have shown a12-13% incressein mortdity for each 1g/dL
decreasein Hghb.”8 In addition, anemiamay beanindependent risk factor for the devel opment
of HF.9 In didyss patients, each 0.5g/dL decrease in Hgb has been assodiated with a 30%
increeseintherisk of developing left ventricular hypertrophy (LVH).” Typicdly, areduction
inHgbwill resultinacompensatory increasein cardiac output which, in HF patients, may leed
tomyocardid remodding, LVH,andworseningHF.357Thus, diligent attentiontothetreatment
of anemiaiswarranted in patients with HF. While determination of the underlying cause of
anemiashouldpointtothemogt rationa gpproachtothergpy, theuseof ironincombinaionwith
exogenous erythropoietin (either epoetin or darbepoetin; [EPO]), gopearsto be an atractive
trestment Srategy for many patients. Thisartidewill describethetwomgor causesof anemia
assodi aedwithHF, summari zetheevi dencethat supportsthecorrectionof anemiainthispatient
population, andillusrateadrategy for theuseof ironthergoy tomaximizetrestment with EPO.
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The etiology of anemiain HF is multifactorid. Due to many potentid contributing
factors, including hemodilution and frequent blood draws, an evauation of the causes of
anemiain143patientswithHFwaspublished by Opas chandcolleagues 19 Theinvestigators
found the two main etiologies to be anemiaof chronic disease (ACD), present in 59% of
patients, and concomitant rend failure, foundin 24%. Theremaining patientswerefoundto
have[3-thdassemia(6%o), irondeficiency (6%), or folatedeficiency (5%). Inagreement with
the findings of this study, most authors attribute the mgority of HFassociated anemiasto
inflammatory processes asfound in ACD and/or concomitant rend failure.1.561011

Proinflammeatory cytokines are implicated in the pathophysiology of HF, ACD, and
rend failure. 1012 Such patientstend to haveincreased level sof tumor necrogsfactor (TNF-
a), interleukin-6, interleukin-13, and interferon-y.410 Elevated leves of these cytokines
disrupt erythropoies shy suppressing theproductionof endogenouserythropoietin, blocking
theeffectsof erythropoi etinonthebonemarrow, and hinderingtherd easeof storedironfrom
the reticuloendothdid (RE) system.#13 Blockade of endogenous erythropoitinislikey a
contributing factor in gudiesthat have correl ated an e evated plasmaerythropoietinleve to
worsening of both NYHA functiona class and prognosis.1014

Rend failureisthe second most common etiology for anemiain HF patients. LikeHF
patientswith ACD, HF patients with rend failure have elevated levels of inflammatory
cytokinesthat disrupt erythropoiesis.61> However, unlike patients with ACD who may
have elevated plasmaerythropoietin level s, endogenous production of erythropoietin by
thekidneysisreduced.410 | n patientswho areinadequately treated with 3—blockers, ACE
inhibitors, and an d dosterone antagoni st, anemia-induced hypoxiaresultsinvasodilation,
hypotens on, anincreaseinneurc-endocrinetone, retention of sodiumandwater, increased
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Theviciouscircle of HF,
renal failure, and anemia
hasbeen labded “the
cardio-renal anemia
syndrome.”

Basdline Hgb isone of six
laboratory parameters
used by the Seattle Heart
FailureModd™ (www.
seattleheartfailuremodel.or g)
topredict 1-, 2-, and 5-
year survival, mortality,
and mean life expectancy.

While anemic HF pa-
tientsrecelving dialysis
aretypically managed
according to NKF-DQI
guidelines, caution
should beused in extend-
ing the protocol to non-
dialysspopulations.

In practice, FID may be

treated like absoluteiron
deficiency to reach target
TSAT and ferritin levels
during EPO therapy.

Toobtain accurate
readings, delay checking
iron indicesfor 7 days
after elemental iron for
doses<125mg, and for 14
daysafter larger doses.

Differentiation Between
Absolute and Functional
Iron Deficiency

Serum
Ferritin

TSAT

Absolute

Deficiency Decreasec

Decreased

Normal or
increased

Functional

Deficiency Decr
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Anemia and Heart Failure: Addressing Functional Iron Deficiency (continued)

preload, and additiona stress on the heart.6 Thisvicious circle of HF, rend failure, and
anemiahas been labd ed the “ cardio-rena anemia syndrome.” 46

Althoughtheetiology of anemiainHFismultifactorid, thetwomaost commonetiol ogies,
ACD andrend dysfunction, gppear amenableto trestment with exogenous EPO. Whilethe
efficacy of EPOiswell establishedinthetreatment of chronicrend failureand cancer-rd aed
anemias, no gpecific recommendationshave been established for HF patients. To detethere
have been only four clinica trids assessng the treetment of anemiain HF paientsusing
epoetin with iron supplementation.16-19 The results of thesetrids are summarized in Teble
|. Collectively, they show a positive impact from the correction of anemiain this patient
populaion. Inaddition, two studiesreported by Cleland and coll eagues assessed the use of
darbepoetin, thehyperglycosylated form of epoetin, in HF patients20 Theseresultsindicate

that darbepoetin isaviable dternative to epoetin in the treetment of anemiain HF.

Table I: Summary of Trials in Heart Failure Patients Treated with Epoetin and Iron

Author Design Results (from baseline)
Silverbergi® Non-controlled ;tudy assa;sing treatment with | Improvements in gjection _frax_:tior_1 (28%) and NYHA
(n=26) yveekly 2000_ units of gpoetln_and 200mg of class (27%), reduged hospltallzatlons rates (92%), and
iron sucrose in HF patients with rena failure. | deceased use of diuretics.
Patients with NYHA class Il or 1V, Group A vs_Group B
gjection fraction <40% and Hgb 10.0 - Deaths: 0 vs. 4;
11.5g/dL, on maximum tolerated doses of NYHA class: 42.1% improvement vs. 11.4% decrease;
Silverberg'” | HF medications except furosemide were Ejection fraction: 5.5% improvement vs. 5.4%
(n=32) randomized to either: epoetin + 200mg iron | decrease; Serum creatinine: stable vs. 28.6% increase;
sucrose to increase Hgb to >12.5¢/dL, Use of furosemide: 51.3% decrease in ora vs. 28.5%
TSAT >40%, or serum ferritin >400ug/L increase and 91.3% decrease in 1V vs. 28.0% increase;
(group A), or no treatment (group B). Hospitalization: 79% decrease vs. 57.6% increase.
Non-randomized trial of 84 patients with Diabetic vs._Non-diabetic Subjects
Type Il digbetes and 95 non-diabetics with Hgb increase: From 10.1 (+1.0) to 13.1 (x1.3) vs.
Silverbergt® NYHA class Il or IV, Hgb of 95-115g/dL, [10.5 (+1.0) to 12.9 (+1.2);
(n=179) and serum crestini nes of 2.1—2.4mg/dL. N_YH_A class improvement: 34.8% vs. 32.4%
Treatment was epoetin + 200mg iron sucrose | Ejection fraction improvement: 7.4% vs. 11.5%;
every 1-2 weeks to reach a target Hgb Decreased hospitalization: 96.4% vs. 95.3%.
0f12.5g/dL and serum ferritin of 500ug/L. Serum creatinine and GFR: Not significant change.
HF patients with NYHA class 11 or IV, Treatment group had a significant increase in Hgb
Mancini® Hct <35_%, and serum creatinine <2.5mg/dL (from 11._0 +0.5t014.3 + 1.0g/dL). ‘ _
(n=26) r_andom|zed to receive placebo or epoetin 3 | Iron StUQ|6 were not QOne, but 3 patients randomized
times weekly + daily 325mg ferrous to epoetin required their dose to be doubled.
gluconate and folate 1mg, for 3 months.

Itisimperativeto recognizethat inthe management of anemiaswith exogenousEPO,
hyporespons venessfrequently occursduetoinadequateiron supplementation.2° Theuse
of EPO nearly doublesthedaily rate of erythropoiesis, and thereby a so doublesthedaily
requirement for iron, resulting in a30—40mg/day deficit.2! The use of ord iron therapy,
such as 325mg of ferrous sulfate providing 65mg of eementa iron, may overcomethis
deficitinsomepatients; however, dueto problemswith absorption and patient adherence,
ord irontherapy isfrequently inadequate. To avoid this, the Nationa Kidney Foundation
“Diadyss Outcomes Quadlity Initiative” (NKF-DQI) recommends the use of parentera
iron products for the prevention of iron deficiency in patients being treated with EPO.22

Regardless of the route of iron supplementation, seria monitoring of |aboratory iron
indicesisnecessary to optimizetheresponseto exogenousEPOtherapy. Themainindices
that are used to assessiron statusand guidethetiming of iron replacement areHgb, serum
iron, serum ferritin, and percent transferrin saturation (TSAT).2324 Serum ferritin reflects
irongtoresintheliver, spleen, and RE sysemwhile TSAT, theratio of serumirontothe
total iron binding capacity, is an indicator of the amount of iron that is available for
erythropoiesis. To assure an adequate erythropoietic response to exogenous EPO, TSAT
should be>20% prior administration.22 lronindicesmust beinterpreted carefully because

(Continued on page 19)
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Anemia and Heart Failure: Addressing Functional Iron Deficiency (continued)

\ 4

Anemia associated
with chronic renal
failure

y

Follow NKF-DQI
guidelines for iron
supplementation

Figure 1. Flow Chart
for Iron Management of
Heart Failure Patients
with Anemia

I Heart Failure }

A

Anemia due to
non-renal causes

\ \4
Monitor:

* TSAT and ferritin

<————— (2-3months
« Hgb q week

Maintain: TSAT >20%
and ferritin >100ug/L

Is the patient
hyporesponsive
to EPO?

Evaluate for causes of
EPO resistance

Probably not iron
deficient; treat with
oral iron to maintain
TSAT >20% and
ferritin >100pg/L

Is the
TSAT <20%
or the ferritin
<100pg/L?

Probably functional iron
deficiency. Administer 200mg
iron sucrose x 5 doses

/

' ) ! May have EPO
Confirmation of functional Yes 1 in Hgb within 4 weeks? IE, resiystance.

iron deficiency. Consider
B-thalassemia,
* malnutrition,
hemolysis, etc.

Recheck iron indices

\4

g 3 months
(>2 weeks after last iron dose)

'

\4

Ferritin <300ug/L Ferritin 300-500pg/L Ferritin >500ug/L

and TSAT <20% and TSAT 20-30% and TSAT >30%

Administer iron Administer iron Hold all iron When ferritin Restart iron
sucrose 200mg q sucrose 100mg q supplements x 3 || <500pg/L and [—{ Sucrose at
week x 5 doses week x 6 doses months TSAT <30% i%fz%ge"s"eek

J

Patientswho remain
hypor esponsiveto EPO
after 8 weeksof optimal
treatment should be
worked up for alterna-
tive explanations such as
hyper parathyroidism,
oxidative stress, or
vitamin deficiencies.®
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anumber of factorsinfluencetheir measurement. For example, serumironexhibitsdiurna
variation with more elevated concentrations occurring later in the day.2526 Also, anemia
complicated by acute inflammation or infection may be associated with transently high
serumferritinlevel s.2526 For thesereasons, serid, rather than single-point measurements
of iron indices should be monitored, especialy for patientsthat appear to have awaning
response to exogenous EPO therapy.

A reductionintheresponseto exogenous EPO over timeiscommonly dueto functiond
iron deficiency (FID). FID occurs when iron becomes sequestered in RE cdls and is
unavailabletomeet thedemandsof erythroid cdll production.23 Petientswith FID tendtohave
alow TSAT in conjunction with a norma, or dightly devated, serum ferritin. When
exogenousEPOisgiventoapatientwith FID, theavail bletransferrinisquickly reduced and
parenterd iron supplementation iswarranted (see Figure 1).2225 An increase in Hgb within
4 weeks after iron adminigration confirms FI D asthe cause of EPO hyporesponsiveness.

The recommended parenterd iron dose for rend failure patients undergoing diayss is
1000mg to supply adequiate soresto cover 3monthsof EPO thergpy 2 Thisisto replace400mg

of ironlogt withdiays sand 600mgto support hemoglobinizationof new redblood cdls2Dosing
(Continued on page 20)
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Elemental Iron Content
of UW Medicine
Formulary Preparations

 Ferrousfumarate: 20mg
elemental iron/63mg tablet

* Ferrous gluconate: 34mg
elemental iron/300mg tablet

* Ferrous sulfate;

Tablet: 65mg elemental iron/
325mg

Drops: 15mg elemental iron/
0.6 mL

Elixir: 44mg elementd iron/smL
Solution: 60mg elemental iron/
5mL

* |ron sucrose: 20mg
elemental iron/mL

* Sodium ferric gluconate:
12.5mg elemental iron/mL

Note: The editor gratefully ac-
knowledges the assistance of
WayneLevy, M.D., and Kenneth
Kenyon, Pharm.D., B.C.P.S in
reviewing this article.
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schedulesmay vary, bt five 200mg doses administered over a 14-day period isrecommended
by the manufacturer of iron sucrose to correct iron deficiency.2” In HF patients who are being
managed with exogenous EPO, but not undergoing didyss it followsthat 600mg of iron should
logicaly avoid iron overload and be sufficient to cover 3 months of exogenous EPO thergpy.

Nevertheless, careful |aboratory monitoring of HF patientstreated with exogenous
EPO and iron is mandatory to guide the safe correction of anemiain this population.
However, TSAT and serum ferritin measurements should be delayed for 7 days
following eemental iron doses of <125mg, and for 14 days following larger doses.2?
Hemoglobin levels should be assessed after four weeks of EPO therapy and reassessed
at 2—-4 week interval s.13 Despite adequateiron replacement, hyporesponsivenessto the
exogenousEPO administrationmay till occur. TheNationa Kidney DiseaseOutcomes
Quiality Initiative 2000 defines decreased response to epoetin as afallure to achieve a
target Hgb with adequateiron storesat asubcutaneousdose of 300units/kg/week within
4-6monthsor failuretomaintainatarget Hgb fol lowing subsequent doses.22 UnlessF D
or iron-deficiency exigts, the EPO dose may be cautiously increased by 50% when
hyporesponsiveness persists.}3 Patients who remain hyporesponsive to EPO &fter 8
weeks of optima treatment should be worked up for dternative explanations.22.28

Insummary, anemiaisaprevaent finding in patientswith heart failure. It hasbeen shown
to impact symptoms of heart failure such as LVH and has been associated with a higher
mortdity. Althoughtreatabl e, theanemiasfoundinHF patientsaremulltifectoria andtherefore,
trestment should bemeatched totheindividua circumstances. Treatment with exogenousEPO
is often warranted, but iron stores aso need bolstering to meet the increased demands of
erythropoiess. Serid andyds of laboratory iron indicesisintegrd to the process of making
ongoing trestment decisions designed to correct the anemiasfound in these petients.

References available upon request.
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