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Anemia as a function of decreasing GFRAnemia as a function of decreasing GFR

adapatedadapated from J from J PediatrPediatr (1988) 113: 1015; Blood (1979) 54: 877(1988) 113: 1015; Blood (1979) 54: 877
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Causes of anemia in chronic renal failure

• Erythropoietin deficiency
• Deficiency states (iron, vitamins, malnutrition)

• Blood loss (G-I & vag. bleeding; blood sampling)

• Chronic inflammatory state

• Inhibition of erythropoiesis: uremic toxins (?)

• Shortening of RBC survival (hemolysis)

• Hyperparathyroidism / marrow fibrosis

• Aluminum overload

• Inadequate dialysis treatment



Caro J, J Lab Clin Med 1979;93:449-58

Relation between hematocrit und erythropoietin
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Time varying Hb values and relative risk for death 
in chronic HD patients (Observational study, 58 058 pts)

Regidor DL et al, JASN 2006; 17: 1181-91



• Implications:
– Hb values >11 g/dL are associated with improved survival

• Limitations:
– Relationship between Hb and outcomes may not be 

causally determined
– Increasing Hb levels >11 g/dL may not improve outcomes

Observational studies:
implications and limitations

Hb, haemoglobin
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Singh AK et al N Engl J Med 2006;355:2085–2098Hb, haemoglobin; CABG, coronary artery bypass grafting

CHOIR: difference in baseline CV disease







CREATE: implications and limitations

• Implications:
“In patients with CKD early complete correction of anaemia
does not reduce the risk of cardiovascular events.”

• Limitations:
– Underpowered to demonstrate a difference between the 

groups due to lower than expected event rate (6% vs 15%)

Drüeke TB et al N Engl J Med 2006;355:2071–2084CKD, chronic kidney disease
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Conclusions on the safety and efficacy of ESAs

• Data from observational studies indicate that Hb 
levels >11 g/dL are associated with improved 
outcomes, although relationship may not be causally 
determined.

• Hb levels >13 g/dL should be avoided as data from 
RCTs showed a trend towards increased CV events, 
no CV benefit and uncertain improvement in QoL. 

ESAs, Erythropoiesis-stimulating agents; Hb, haemoglobin; 
RCTs, randomised controlled trials; CV, cardiovascular; QoL, quality of life 
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Negative effects of complete anemia correction 
despite better tissue oxygenation with higher Hb –
Why ?

● Hypertension

● Increased blood viscosity 
– post-HD hemoconcentration

● Increased platelet number & adhesiveness, thrombosis

● Impaired endothelial NO activity 
– high Epo dose harmful effects

● Increased iron needs           oxidative stress



Increase in BPsyst by Epo in rats with 5/6th Nx
Epoetin vs no Rx (control) vs iron depletion (anemia)

Garcia DL et al, PNAS 1988:85:6142-6



Garcia DL et al, PNAS 1988:85:6142-6

Decrease in GFR by Epo in rats with 5/6th Nx
Epoetin vs no Rx (control) vs iron depletion (anemia)



Effect of EPO treatment on arterial function 
in chronic hemodialysis patients

Control rHuEpo

Forearm Blood Flow 6.3 ± 1.0 4.6 ± 1.4**
(ml/100 ml.min)

Forearm Vasc. Resistance 14.2 ± 4.2      21.2 ± 7.0**
(Units)

London et al, Kidney Int 1989; 36: 878-82



Negative effects of complete anemia correction 
despite better tissue oxygenation with higher Hb –
Why ?

● Hypertension

● Increased blood viscosity 
– post-HD hemoconcentration

● Increased platelet number & 

adhesiveness, thrombosis

● Impaired endothelial NO activity 



CREATE : Increase in first CV events in group 1
after start of dialysis, not predialysis

824On dialysis

3934Pre-dialysis

4758  Total number of 
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Target Hb 10.5-11.5 g/dL

High Hgb
Target Hb 13-15 
g/dL



Negative effects of complete anemia correction 
despite better tissue oxygenation with higher Hb –
Why ?

● Hypertension

● Increased blood viscosity 
– post-HD hemoconcentration

● Increased platelet number & 

adhesiveness, thrombosis

● Impaired endothelial NO activity 



Stohlwetz PJ et al, Blood 2000; 95: 2983-9

Effect of epoetin on platelet number 
in humans before/after phlebotomy



Stohlwetz PJ et al, Blood 2000; 95: 2983-9

Effect of epoetin on platelet reactivity 
in humans before/after phlebotomy



Christensson AG et al, NDT 2001; 16: 313-19

No effect of full anemia correction on hemostasis 
in chronic hemodialysis patients



Negative effects of complete anemia correction 
despite better tissue oxygenation with higher Hb –
Why ?

● Hypertension

● Increased blood viscosity 
– post-HD hemoconcentration

● Increased platelet number & 

adhesiveness, thrombosis

● Impaired endothelial NO activity 



Effect of EPO on carotid arteries of wild-type mice 
(14 days ± injury)

D’Uscio LV et al, Hypertension 2007;49:1142-8



Effect of EPO on carotid arteries of eNOS-/- mice 
(14 days ± injury)

D’Uscio LV et al, Hypertension 2007;49:1142-8
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Negative effects of complete anemia correction 
despite better tissue oxygenation with higher Hb –
Why ?

● Hypertension

● Increased blood viscosity 
– post-HD hemoconcentration

● Increased platelet number & 

adhesiveness, thrombosis

● Impaired endothelial NO activity 



Correlation between plasma AOPP and carotid 
wall thickness in chronic HD patients

Drüeke T et al,  Circulation 2002;106:2212-7
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Correlation between yearly dose of elemental iron
and carotid artery wall thickness
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Complete correction of anemia in CKD ?

• Greater risk of cardiovascular events and 
mortality ?

• Improved quality of life ?



Patients on dialysisPatients not on dialysis

No association between higher Hb targets
and relative mortality risk
Recent meta-analysis from KDOQITM
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Complete correction of anemia in CKD ?

• Greater risk of cardiovascular events and 
mortality ?

• Improved quality of life ?



Hemoglobin target 2007 in CKD patients (KDOQI)

• ESAs have a favorable safety and efficacy profile when 
used to achieve Hb target levels of 11 to 12 g/dL, not 
to exceed 13 g/dL.

• Important clinical questions regarding the impact of 
anemia treatment on cardiovascular outcomes remain 
unanswered. Additional RCTs are needed.

www.kidney.org KDOQITM anemia guidelines, 2007 update



Hemoglobin correction in CKD patients –
additional common sense statements

• Correct anemia slowly.

• Don’t start with high epoetin doses.

• Adapt anemia correction to individual patient needs and 
comorbidities.
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