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           Learning Objectives 
 

- Identify and discuss diagnosis, pathogenesis 
and evaluation of anemia in CKD 

 

- Examine the use of erythropoiesis-
stimulating agents (ESAs) to treat anemia in 
CKD and new target levels 
 

- Explore the use of iron to treat anemia in 
CKD and new target levels 
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Diagnosis of anemia 
 

Diagnose anemia in adults with CKD when the Hb concentration is <130 g/l in 

males and <120 g/l in females. 

 
Investigation of anemia 
 
In patients with CKD and anemia (regardless of age and CKD stage), include the 
following tests in initial evaluation of the anemia : 
 
Complete blood count (CBC), which should include Hb concentration, red cell 
indices, white blood cell count and differential, and platelet count 
 
Absolute reticulocyte count 
  
 Serum ferritin level 

  
Serum transferrin saturation (TSAT)  
 
Serum vitamin B

12 
and folate levels 
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The association between kidney disease and anemia 
was first described in 1836 [Bright 1836]. 
 
 
Renal anemia is typically normochromic and 
normocytic, and regularly develops when the 
Glomerular Filtration Rate (GFR) falls below 30 
ml/min regardless of the etiology of the underlying 
kidney disease. 
 
 
Anemia of  CKD is  a complex disorder in which many 
factors play a role. 
  
 



Pathogenic Factors of Renal Anemia 
 

Shortened red cell life span 
-Extracorpuscular factors (uremic plasma) 
-Corpuscular factors (reduced osmotic  deformability and 
reduced oxidant resistance) 

 

Blood loss 
-Hemodialysis  
-Diagnostic blood sampling 
-Occult gastrointestinal blood loss 

 

Inhibition of erythropoesis 
-EPO deficiency 
-Chronic inflammation 
-Iron deficiency (absolute or functional) 
-Hyperparathyroidism  
-Aluminium intoxication 
 



 
Absolute or relative Erythropoietin (Epo) deficiency is the 
main cause of renal anemia. 
 
Epo is a glycoprotein that acts as an essential growth and 
survival factor on late erythroid progenitor cells in the bone 
marrow via a specific receptor. 
 
Epo is produced mainly in the kidney (some by the liver) by 
the peritubular fibroblasts. 
 
Main stimulus for Epo production is reduced oxygen 
delivery to tissues, (all the components necessary for the 
detection of hypoxia and production of Epo are equipped 
within the kidney). 
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Anemia Overview

• ESAs

– Historical perspective

– Pathophysiology of EPO

– RCT’s

– Hypo-responsiveness to ESA

– Recommendations

• Iron

– Pathophysiology—Hepcidin and Ferroportin

– RCT—DRIVE trial

– Recommendations
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Erythropoietin Timeline
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Prevalence of Anemia in CKD Patients

Adapted from McClellan et al  Curr Med Res Opin. 2004;20:1501-1510. 
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Normal Erythropoiesis

Hillman RS, et al. Red Cell Manual, 7th ed. Philadelphia, PA: F.A. Davis Company; 1996:chap 1. Papayannopoulou T, et al. 

In: Hoffman R, et al. eds. Hematology: Basic Principles and Practice, 4th ed. Philadelphia, PA: Elsevier Churchill 

Livingstone; 2005:chap 20. Brock. Iron Metabolism in Health and Disease. W.B. Saunders Co; 1994

Erythropoietin

Iron dependence

Iron

Pluripotent Burst-Forming Colony-Forming Proerythro- Erythro- Reticulocytes RBCs

Stem Cell Unit-Erythroid Unit-Erythroid blasts blasts 

Cells (BFU-E) Cells (CFU-E)

~ 10-13 days

~ 21 days
~1-2 days

EPO dependence



Possible causes of Epo deficiency in 
renal anemia 
 
 

- Destruction of a subpopulation of renal fibroblasts that 
normally produces EPO 

 
- Transformation of EPO-producing fibroblasts into matrix 

producing fibroblasts 
 
- Absence of paracrine signals from closely adjacent tubular 

epithelia 
 
-     Local inhibition of EPO production by inflammatory cytokines 
 
-     Effect of renin-angiotensin blockers (ACE inh/ARB) 
 
 
 
 



IRON METABOLISM 
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IRON METABOLISM

• There is NO mechanism for iron excretion => iron is 

regulated at the levels of:

– Intestinal absorption

– Macrophage release

• Principal regulator = Hepcidin

• Hepcidin is a peptide produced mainly by the liver but 

also by the WBCs

• Hepcidin inhibits Ferroportin

“Mammalian iron physiology is complex, but 

understanding two key proteins- hepcidin and 

ferroportin- provides insight into the large majority 

of iron disorders”

Nancy C Andrews. NEJM 2012

Hepcidin

Mechanism of action:

– Binds to ferroportin (receptor) – inducing internalization and 
degradation

• Controls plasma iron levels by:

– Regulating GI absorption, release from RES and hepatocyte, and 
placental transfer

• Expression is directly, but inversely, related to iron requirements

– High requirements- low hepcidin

– Low requirements- high hepcidin

• Regulation occurs at the transcription level by:

– Iron

– Inflammation

– Erythropoiesis

– Hypoxia

Ferroportin Mediated Transport

Nature Reviews 9;72-81.2008

•Combined action of membrane iron

transporter and an iron oxidase

Heam is 

degraded by 

heam oxygenase
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A total of 1233 patients were enrolled ; 618 were 
assigned to the normal-hematocrit group, and 615 to 
the low-hematocrit group.  
 
 
The primary end point was the length of time to death 
or a first nonfatal myocardial infarction.  
 





Risk ratio, 1.3; 95 percent confidence interval, 0.9 to 1.9  

 



The study was halted when differences in mortality 
between the groups were recognized as sufficient to 
make it very unlikely that continuation of the study 
would reveal a benefit for the normal hematocrit 
group and the results were nearing the statistical 
boundary of a higher mortality rate in the normal- 
hematocrit group . 
 







The incidence of thrombosis of the vascular access 
sites was higher in the normal  hematocrit group 
than in the low-hematocrit group (243 patients, or 
39 percent, vs. 176 patients, or 29 percent; 
P=0.001).  
 
Both synthetic grafts and natural fistulas clotted 
more often in the normal hematocrit group.  
 





Methods 
 
In this open-label trial, we studied 1432 patients with chronic 
kidney disease, 715 of whom were randomly assigned to receive 
a dose of epoetin alfa targeted to achieve a hemoglobin level of 
13.5 g per deciliter and 717 of whom were assigned to receive a 
dose targeted to achieve a level of 11.3 g per deciliter 
 
 
The primary end point was a composite of death, myocardial 
infarction, hospitalization for congestive heart failure (without 
renal replacement therapy), and stroke. 
 
 
The study was terminated early. 







hazard ratio, 1.34; 95% confidence interval, 1.03 to 1.74; P=0.03  

 





The use of a target hemoglobin level of 13.5 g per deciliter 
(as compared with 11.3 g per deciliter) was associated with 
 increased risk and no incremental improvement in the quality of life.  
 
 











hazard ratio, 0.78; 95% confidence interval, 0.53 to 1.14; P=0.20  

 





In patients with chronic kidney disease, early complete correction of 
anemia does not reduce the risk of  cardiovascular events.  
 
 















Among patients with a history of a malignant condition at baseline, 
there were 60 deaths from any cause in the 188 patients assigned to 
darbepoetin alfa and 37 deaths in the 160 patients assigned to placebo 
(P = 0.13).  
 
In this subgroup, 14 of the 188 patients assigned to darbepoetin alfa 
died from cancer, as compared with 1 of the 160 patients assigned to 
placebo (P=0.002). 
 
 
Venous thromboembolic events were reported in 41 patients in the 
darbepoetin alfa group (2.0%), as compared with 23 patients in the 
placebo group (1.1%) (P = 0.02). Arterial thrombo-embolic events (some 
of which were adjudicated as cardiovascular events) were also reported 
more frequently in the darbepoetin alfa group (in 178 patients [8.9%] 
vs. 144 patients [7.1%], P = 0.04).  

 





ESA INITIATION  
 
For adult CKD, not yet on dialysis, with Hb concentration ≥100 g/l, we suggest 
that ESA therapy not be initiated. (2D) 
 
 

For adult dialysis patients, we suggest that ESA therapy be used to avoid 
having the Hb concentration fall below 90 g/l by starting ESA therapy when 
the hemoglobin is between 90–100 g/l. (2B)  
 
 
Individualization of therapy is reasonable as some patients may have 
improvements in quality of life at higher Hb concentration and ESA therapy 
may be started above 100 g/l. (Not Graded)  
 
In initiating and maintaining ESA therapy, we recommend balancing the 
potential benefits of reducing blood transfusions and anemia-related 
symptoms against the risks of harm in individual patients (e.g., stroke, 
vascular access loss, hypertension). (1B)  
 
 
We recommend using ESA therapy with great caution, if at all, in CKD patients 
with active malignancy—in particular when cure is the anticipated outcome—
(1B), a history of stroke (1B), or a history of malignancy (2C).  
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ESA MAINTENANCE THERAPY  
 

 
In general, we suggest that ESAs not be used to maintain Hb 
concentration above 115g/l in adult patients with CKD. (2C) 
 
 

Individualization of therapy will be necessary as some patients 
may have improvements in quality of life at Hb concentration 
above 115 g/l and will be prepared to accept the risks. (Not 
Graded)  
 
 
In all adult patients, we recommend that ESAs not be used to 
intentionally increase the Hb concentration above 130 g/l. (1A)  
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Use of iron to treat anemia in CKD 
 

The two most widely available tests for assessing iron status are 
the Tsat and serum ferritin level. 
 
 

A very low serum ferritin (<30 ng/ml) is indicative of iron 
deficiency. 
 
TSAT and serum ferritin level have only limited sensitivity and 
specificity in patients with CKD for prediction of bone marrow 
iron stores and erythropoietic response to iron supplementation. 
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Use of iron to treat anemia in CKD 
 
 

For adult CKD patients with anemia not on iron or ESA 
therapy we suggest a trial of IV iron (or in CKD, non dialysis 
patients alternatively a 1–3 months trial of oral iron 
therapy) if (2C):  
 
an increase in Hb concentration without starting ESA treatment is 
desired and TSAT is ≤30% and ferritin is ≤500 ng/ml  
 

 
For adult CKD patients on ESA therapy who are not 
receiving iron supplementation, we suggest a trial of IV iron 
(or in CKD, non dialysis patients alternatively a 1–3 months 
trial of oral iron therapy) if (2C):  
 
an increase in Hb concentration or a decrease in ESA dose is desired 
and TSAT is ≤30% and ferritin is ≤500 ng/ml 
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Use of iron to treat anemia in CKD 
 
 
Correction of iron deficiency with oral or intravenous iron 
supplementation can reduce the severity of anemia in patients with 
CKD. 
 
Untreated iron deficiency is an important cause of hyporesponsiveness 
to ESA treatment. 
 
 
Iron supplementation is widely used in CKD patients to treat iron 
deficiency, prevent its development in ESA- treated patients, raise Hb 
levels in the presence or absence of ESA treatment, and reduce ESA 
doses in patients receiving ESA treatment.  
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Take Home messages 



There is no convincing evidence that the active increase of Hb towards 
concentrations in the normal range leads to demonstrable benefit in 
adult patients with CKD. 

 
 

Latest KDIGO guideline suggests not to exceed in general a Hb limit of 
115 g/l. 
 

 
Always treat iron deficiency and other causes for anemia first. 
 
Iron deficiency causes bone marrow hyporesponsiveness to 
erythropoetic agents. 
 
The cut off for ferritin to diagnose iron deficiency is higher in CKD 
patients. Don’t forget that ferritin is an acute phase reactant and can 
be high despite iron deficiency. 
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