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Neurohormonal blocking appears to have 

reached a benefit plateau.



Potential Therapeutic Targets

Mehra MR et al. J Am Coll Cardiol 2003;41:606-610

Therefore, new targets for pharmacologic 

intervention are now being needed.
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Anemia in General

� Increased tendency for the development of CHF

� In general population

� In elderly patients with normal renal function

� In patients with ischemic heart disease

� Greater risk of end-stage renal disease

� In anemic CHF patients

� Anemia ⇒⇒⇒⇒ a novel therapeutic target in CHF.



Anemia in CKD

� The treatment of anemic patients with renal failure

� Reduce LV mass, LV volume and improve LVEF

� If stop treatment, returned to previous levels

� Treatment of anemia in CKD before dialysis

� A reduction in hospitalization for CHF

� In dialysis patient

� The higher Hb, the lower the mortality and hospitalization

� Treatment of anemia improves CHF

� Anemia ⇒⇒⇒⇒ a novel therapeutic target in CHF.





Definition of anemia

� WHO criteria

�Men : <13.0 g/dL

�Women : <12.0 g/dL

� National Kidney Foundation criteria

�Hb <12  g/dL in men and postmenopausal 

women

�Hb <11  g/dL in premenopausal women



Prevalence of anemia in HF

� Ranges from  4% to 55%

� Such variance associated with

� Differences in the definition of anemia

� Substantial differences in population studied

� A lack of information about correctable causes  of anemia

� Study of Anemia in a Heart Failure Population 
(STAMINA-HFP) registry : 33%.



Increased Risk of Anemia

1. Increasing age

2. Female gender

3. Chronic kidney disease 

(increased serum Cr or decreased GFR)

4. Decreased body mass index

5. Use of ACE inhibitors

6. Increased jugular venous pressure

7. Lower-extremity edema



Causes of anemia

Anemia of 

chronic disease

(58%=1,190)Iron deficiency

(21%=431)

Other deficiency

(8%=166) Other

(13%=226)

Ezekowitz JA et al. Circulation 2003;107:223-225

Total n = 12,065 (anemia : 17%)



Potential Cause of Anemia in CHF

LV dysfunctoin

Decreased CO

Renal Hypoperfusion

RAS Activation

Sympathetic activation
Pro-inflammatory CytokineRAS Inhibition CKD

Plasma volume expansion Decreased EPO Secretion

Decreased BM Response

Hemodilution Decreased RBC Producton

Anemia



1. Cytokines – TNF, IL-1, IFN

� Reducing EPO production in kidney

� EPO insensitivity at bone marrow level

� Inhibiting iron release from RES

� Bone marrow depression

2. Renal dysfunction

� Cardio-renal-anemia syndrome

Mechanisms of anemia



3. Use ACE inhibitor

� Decrease angiotensin II level ; decreased 

stimulation    of the proliferation of erythroid 

progenitor cells

� Increasing N-acetyl-seryl-aspartyl-lysyl-proline

(Ac-SDKP) ; hematopoiesis inhibitor

� almost exclusively hydrolyzed by ACE,

� partially eliminated in the kidney

� SOLVED trial ; more anemia by 56% in enalapril

Mechanisms of anemia



Cardio-Renal-Anemia syndrome

Heart Failure

Bone Marrow

↓↓↓↓Perfusion

RAS activation

↑↑↑↑Sympathetic tone 

ACE inhibitor therapy

↑↑↑↑TNF-alpha

↓↓↓↓Perfusion

Malnutrition 

Ischemia

Apoptosis

LVH

↑↑↑↑Sympathetic tone
Hemodilution 

Vasoconstriction 

EPO resistance 

Relative ↓↓↓↓ in EPO

↓↓↓↓ RBC Production

Kidney

Anemia



Reduced kidney function and anemia as risk factors for 

mortality in patients with left ventricular dysfunction. 

Al-Ahmad A, et al. J Am Coll Cardiol 2001;38:955–962.



Mechanisms of anemia

Chronic heart failure

Anemia

ACE inhibitor

Hemodilution
plasma volume ↑
intrinsic renal reabsorption
RAAS / ADH ↑

Renal dysfunction
EPO production ↓
EPO loss ↑

Iron deficiency
Iron uptake ↓
Iron utilization ↓
Occult bleeding

Inflammation
TNF, IL-1, IFN
EPO production ↓
EPO activity ↓
Iron utilization ↓

Bone marrow
suppression
Tissue perfusion ↓
EPO resistance
Hemopoietic
progenitor cell ↓



Circulation. 2003;107:223-225



JACC 2003;41:1933-9

10th decile, Hct 48.3%1st decile, Hct 35.4%



Anemia & peak VO2

Kalra PR et al. Am J Cardiol 2003;91:888-891



Progression to Symptomatic HF

Das SR et al. Am J Cardiol 2005;96:827-831

SOLVD-Prevention trial



ELITE II trial

Sharma R, Eur Heart J 2004;25:1021-1028

Optimal Hb for survival
Male : 15.0 g/dL
Female : 13.1 g/dL

HR



Anemia and Clinical Outcome

� Reduced hemoglobin in CHF associated with 

increased risk of hospitalization and all-cause 

mortality. 



Management of Anemia

� Anemia ; consistent association 

with adverse clinical outcome

⇒⇒⇒⇒ Potential therapeutic target

� Potential treatment

1. RBC transfusion

2. Fe supplementation

3. Erythropoietin



“Transfusion threshold”

� Hematocrit < 30% in CV disease

■ Based on expert opinion

� The clinical utility in CV disease is 

controversial. 

� Transfusion may be considered as an 

acute treatment for severe anemia.

� Not appear to be strategy for the long-

term management in CHF.



Transfusion

� Potential Risk

■ Infection

■ Immunosuppressive effect

■ Hemolytic reaction

■ Iron overload

■ Volume overload



Erythropoietin (EPO)

� 30.4-kD glycoprotein

� EPO encodes a protein with 

165-amino acid structure.

� Regulator of erythroid progenitor 

cell

� Inhibition of apoptosis

� Increased proliferation

� Increased differentiation

� Production of EPO

� regulated by HIF-1 (HIF-1αααα, 1ββββ, 3αααα)



Erythropoietin Recepor (EpoR)

Homodimerization to EpoR2



Three available Erythropoietin

1. Epoetin-αααα and

2. Epoetin-ββββ:

� rHuEpo , T1/2 6-8h

� Since 1985

3. Dabepoetin-αααα:

� N-linked supersialylated analog, T1/2 48h

� Since 2001



1. Severe, resistant CHF with mild anemia with 

EPO & Iron     →→→→ ↑↑↑↑ LVEF, ↓↓↓↓ hospitalization

2. DM & severe, resistant CHF with mild anemia 

with EPO    →→→→ ↑↑↑↑ LVEF, ↓↓↓↓ hospitalization

3. Moderate to severe CHF treated with EPO

→→→→ ↑↑↑↑ exercise duration

(Silverberg et al. JACC 2001)

(Silverberg et al. Nephrol Dial Transplat 2003)

(Mancini et al. Circulation 2003)

Effect of EPO in Heart Failure



15 months F/U

JACC 2000;35:1737-44

EPO in Heart Failure



Circulation 2003;107:294-299

EPO in Heart Failure

Control Group

EPO Group

R=0.53, p<0.02
Change in VO2 (ml/kg/min)
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Advantages of EPO Therapy

1. Increase hemoglobin level

2. Increases peak O2 consumption

3. Improve functional class 

4. Decreases ventricular remodeling

5. Improve cardiac and renal functions

6. Reduce diuretic dose

7. Reduce hospitalizations

8. Reduce mortality rate (small study)



1. Increase hypertension

2. Increase thrombosis

3. Increase endothelin activation

4. Expensive

Disadvantages of EPO Therapy



Pleiotropic Effect of EPO

1. Reduce oxidative stress

2. Promote neuronal survival after ischemia

3. Protect against ischemic vascular injury

4. Increasing Circulating EPC  & BM stem cell

5. Angiogenesis

6. Mitogenic effect on cardiac myocytes



1. Bind to heterodimeric receptor

� EpoR + ββββcR (common ββββ receptor)

(not to classic EPO homodimeric receptor 

� EpoR + EpoR)

2. No erythropoietic effect

3. Shows anti-apoptoc and cytoprotective

effect

Carbamylated EPO



MI size Degree of apoptosis



Motor recover 

after cord compression
Myocyte apoptosis

In ββββcR K-O mouse



Summary

1.Anemia is a frequent co-morbidity in HF 

2. Anemia is a independent predictor of 

morbidity and mortality of the HF.

3.Anemia has emerged as a possible 

treatment target in HF. 

4.But, larger controlled clinical trials are 

needed for further information and therapy 

guidelines.



Take Home Massage!

� Cannot be recommended for general CHF 

� No large well-designed study

� No long follow-up study (most less than 1 year)

� No trials about effect on CV mortality or 

hospitalization

� Recommendation based on the available data

1. Hemoglobin level ≤≤≤≤12.0g/dl 

2. with repeated episode of ADHF 

3. and already receiving maximally therapy


