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Mandy, a 51‐year old woman, 
presented to her local doctor
complaining of fatigue and 

 headaches. 

Past history of urine infections
as a child, pre‐eclampsia with 
her two children, irritable bowel.

Found to have hypertension and 
persistent proteinuria 10 years 

 earlier – not followed up (too 
 busy).

O/E: Sallow complexion, BP 
 180/110, S4, mild oedema, 
 proteinuria +++.
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Life Expectancy in Dialysis Patients



JASN, 2005

CKD patients are more likely to die than start dialysis
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Anaemia and CKD
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
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

 

Physiological range of haemoglobin: 
males: 130 –

 

180 g/L

females: 120 –

 

140 g/L  
(NHANES II, 2001)



 

Anaemia is also a relative condition which
 

progressively affects 
symptomatic and objective parameters of well-being as it becomes 
more severe.



 

Clinical tolerance to anaemia does not mean that it has no effect.

Anaemia
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Haemoglobin Percentile Curves by GFR Adjusted to 
Age 60 –

 
NHANES III



Prevalence of Anaemia at Different Levels 
of GFR in Outpatient CKD Cohort
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Failing Transplants: CKD



 

Anaemia evident  in > 50% 



 

[Hb] independently predicts graft loss   (Gill et al, ASN 2000)



 

[Hb] predicts CHF & mortality   (Rigatto et al, JASN 2002)



 

At risk group



 

Impact of uremic milieu



 

Impact of immunosuppressive agents



 

Impact of anaemia per se
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Anaemia –
 

Causes in CKD



 
Iron deficiency (functional 
& absolute)



 
Inflammation and 
malnutrition



 
Folate deficiency 



 
GIT blood loss 



 
Dialysis



 
Uraemic milieu



 
Relative erythropoietin 
deficiency



 
Vitamin B12 deficiency



 
Haemodilution



 
Haemolysis



 
Aluminium toxicity



 
Hyperparathyroidism



 
Other


 

thalassaemia


 

past transplantation


 

sickle cell disease
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Stages of Iron Deficiency in CKD

Negative
Iron

Balance

Ferritin
 falling

Storage
Iron

Depletion

Ferritin 
< 100 ng/ml

Iron 
Deficient
Erythro-
poiesis

TSAT
< 20

Epo 

Iron 
Deficiency

Anemia

Hb 
< 110 g/L,

Epo 

Normal
Iron

Status

Hb > 110
TSAT > 20
Ferritin > 100

Source: Adapted from Danielson BG, Iron Therapy (1996

Hb

TSAT

Ferritin



Effect of increasing ferritin levels on epoetin 
dosage whilst maintaining a stable haemoglobin

Richardson et al, NDT, 2001Richardson et al, NDT, 2001



Ferritin, mg/L Transferrin Saturation, %

Haemoglobin, g/L

Iron supplementation
in CKD (non-dialysis)

patients
McMahon LP et al, NDT 2010
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Richardson D et al, NDT 2002

Causes of Anaemia in CKD



Richardson D et al, NDT 2002

Causes of Anaemia in CKD
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

 

Subnormal but usually asymptomatic (110 –
 

120/130g/l)



 

Reduced exercise capacity



 

Neurocognitive effects 



 

Increasingly symptomatic


 

Fatigue, reduced libido and fertility



 

Angina



 

Headache



 

Features of cardiac failure



 

Markedly reduced functional reserve (ADL, minimal exertion)

Anaemia -
 

symptoms

130
120

40

110



Cognitive function


 

Confusion1



 

Impaired cognition6

Cardiovascular


 

Cardiac enlargement, CCF2,3



 

Angina1,5



 

Palpitations5

Quality of life


 

Reduced exercise capacity4



 

Impaired
 

libido/impotence7

Adverse Sequelae Associated With 
Anaemia 

1Hoffbrand AV et al. Essential Hematology.1993. 2Levin A et al. Am J Kidney Dis. 1999;34:125-134.  
3Foley RN et al. Am J Kidney Dis. 1998;28:53-61. 4Mayer G et al. Kidney Int. 1998;34:525-528. 5Mackie MJ et 

al. In: Edwards CRW et al, eds. Davidson’s Principles and Practice of Medicine, 1995.
6Nissenson AR. Am J Kidney Dis. 1992;20:21-24. 7Schaefer RM et al. Contrib Nephrol. 1989;76:273-81.



Change in Haemoglobin
 

and QoL

4

4.5

5

5.5

Fatigue Depression Relationships

Kidney Disease Questionnaire

95-105 95-105 95-105 130-140130-140130-140[Hb], g/L

** * **

**: P<0.01, *: P<0.05 (for trend)

: Baseline : 6 months : 12 months Foley RN, KI, 2000



CKD and Left Ventricular Hypertrophy

26.7
30.8

45.2

0
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crcl > 50 crcl 15-49 crcl < 25

Renal Function (mL/min)

%

P < 0.05

(Levin A et al, AJKD, 1996)

*

*
* :



There appears to be an amplification effect of decline 
in [Hb] and GFR

 
on LVMI growth

-5
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SGFR & SHgb DGFR +SHGB SGFR + DHGB DGFR + DHGB

S = Stable, no change [Hb] or GFR , D= Decline [Hb] >10g/L or GFR >10 ml/min

Gm/m2

P=.002



Echocardiograms of 432 incident 
hemodialysis patients

16% Normal

16% Systolic    
Dysfunction 

40% 
Concentric LV
Hypertrophy

28% LV Dilatation

P. Parfrey. Nephrol Dial Transplant. 1996;11:1277.





Lower [Hb] Levels Associated with Higher Mortality 
Risk in ESRD Patients

All causes

Cardiac Infection

<30  n = 8,760
30–<33 n = 24,465
33–<36  n = 28,674 
(Reference group)
36–<39  n = 4,307
39  n = 555

Collins AJ et al. J Am Soc Nephrol. 2001;12:2465-2473
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Erythropoietin Family

Epoetin Alfa
Epoetin Beta
Darbepoetin Alfa
Epoetin Omega
Epoetin Delta
Mircera (pegylated epoetin beta)



YY NN--linkedlinked
glycosylationglycosylation

+ OO--linked linked 
glycosylationglycosylation
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Erythropoietins: Structure



Darbepoetin Alfa versus Epoetin

5 AA Changes
epoetin darbepoetin

•3 N-linked CHO chains
•Up to 14 Sialic Acid Residues

•30,400 Daltons
• 40% Carbohydrate

•5 N-linked CHO chains
•Up to 22 Sialic Acid Residues

(eight
 

additional)
•37,100 Daltons
•51% Carbohydrate

MacDougall, Seminars in Nephrology, 2000, 20:375

XXXXX



What Haemoglobin?

?



W    here to from here ? 



Lancet, 2007



Lower [Hb] Levels Associated with Higher Mortality 
Risk in ESRD Patients

All causes

Cardiac Infection

<30  n = 8,760
30–<33 n = 24,465
33–<36  n = 28,674 
(Reference group)
36–<39  n = 4,307
39  n = 555

Collins AJ et al. J Am Soc Nephrol. 2001;12:2465-2473
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Phrommintikul A et al, Lancet, 2007

Mortality Risk in CKD (dialysis and pre-dialysis)



Target Hb -
 

Myocardial Infarction and 
Hypertension

Myocardial Infarction Blood Pressure



Target Hb and arteriovenous access 
thrombosis



Owned, published, and © copyrighted, 1998, by the MASSACHUSETTS MEDICAL SOCIETY Volume 339(9), 27 August 1998, pp 584-590

The Effects of Normal as Compared with Low Hematocrit Values in 
Patients with Cardiac Disease Who Are Receiving Hemodialysis and 
Epoetin
Besarab, Anatole; Bolton, W. Kline; Browne, Jeffrey K.; Egrie, Joan C.; Nissenson, Allen R.; 
Okamoto, Douglas M.; Schwab, Steve J.; Goodkin, David A.

versus



Comparators in Besarab versus Parfrey 
Studies



 

Haemodialysis 


 

3.2 ±
 

3.6 years


 

Significant cardiac disease 
(ischaemic or congestive)


 

c. 70% ≥
 

Stage II NYHA


 

Diabetes: 55%


 

Reversal of anaemia


 

[Hb] ≈
 

10 vs 14 g/dL



 

N = 1233


 

Mean epoetin-α
 

dose:


 

10,500 vs 35,000 U/wk


 

(150 vs 500 U/kg/week)


 

Age: 65 ±
 

12 years


 

30 months



 

Haemodialysis 


 

10.1 ±
 

5.0 months


 

No significant cardiac disease 
(ischaemic or congestive)



 

Diabetes: 18%


 

Reversal of anaemia (high gp)


 

[Hb] ≈
 

11 vs 13 g/dL



 

N = 596


 

Mean epoetin-α
 

dose:


 

5,600 vs 12,750 U/wk


 

(75 vs 170 U/kg/week)


 

Age: 51 ±
 

15 years


 

24 months



‘CREATE Study’



‘CHOIR Study’



Common elements of Besarab and CHOIR 
studies compared with Parfrey and 

CREATE studies?

Mortality increased at higher ‘Target Hb’:



 

Older patients



 

Worse heart disease



 

Higher incidence of diabetes



 

Treatment versus prevention of anaemia



 

Higher dose of Epoetin


 

Rate of rise of haemoglobin


 

Primary pro-thrombotic and other effects of epoetins



CHOIR and CREATE:
 Comparative doses of epoetin-α

 
and 

epoetin-β

Mean dose of epoetin (U)

CREATE

CHOIR



TREAT Study (NEJM 2010)



Figure 

 

2.   Kaplan‐Meier 

 

Estimates 

 

of 

 

the 

 

Probability 

 

of 

 

the 

 

Primary 

 

and Secondary End Points.
Panel 

 

A 

 

shows 

 

the 

 

primary 

 

cardiovascular 

 

composite 

 

end 

 

point.    The 

 

secondary 

 

end 

 

points 

 

of death from any cause (Panel 

 

B), 

 

fatal 

 

or 

 

nonfatal 

 

congestive 

 

heart 

 

failure 

 

(Panel 

 

C), 

 

fatal 

 

or 

 

nonfatal 

 

myocardial 

 

infarction 

 

and 

 

myocardial ischemia (Panel D), and 

 

fatal 

 

or 

 

nonfatal 

 

stroke 

 

(Panel 

 

E) 

 

are 

 

also 

 

shown.   P 

 

values 

 

are 

 

not 

 

adjusted for multiple comparison.



Trials Summary



 
Anaemia-related mortality probably reflects processes 
other than anaemia


 

Inflammation and malnutrition


 

Concurrent co-morbidities


 

Other



 
ESA treatment appears to carry a thrombotic risk


 

Arteriovenous fistulas


 

Cerebrovascular disease


 

Possible other mechanisms



Trials Summary


 

Target haemoglobin concentrations



 

Currently between 105 and 115 g/L, possibly more in some 
patients, according to symptoms and perceived risk



 

ESA dose required to maintain Hb target may be a consideration



 

No evidence that high Hb in patients not requiring ESA is 
harmful



 

 

                                                                                                                                                                                              
           

                                                                                                     
                                                  

                          

                                                                                                                                                                 
      

 

          
         

                                                                 
                                  

                             
        

                 
     

  
                 

   
     

    
             

           
                                            

                                                                                                                
               

Months from Hg Result

P
ro

ba
bi

lit
y 

of
 S

ur
vi

va
l

Survival of CKD Patients by Hemoglobin Level

0 3 6 9 12 15 18 21 24 27 30 33 36

0.70

0.75

0.80

0.85

0.90

0.95

1.00

Hemoglobin
>= 130 g/L

120-129 g/L

110-119 g/L

100-109 g/L
< 100 g/L Log-Rank Test: p =0.0001

Levin et al, NDT, 2006



What haemoglobin for Mandy?

1.Is anaemia due to CKD?
•

 
eGFR

 
< 40 mL/min

2.Ensure no other causes of 
 anaemia

•
 

Coeliac
 

disease: iron and 
 folate

 
deficient

3.Control blood pressure and 
 fluid status

4.Start
 

  low dose ESA 
•

 
0.5‐0.7 μg/kg/fortnight 

 darbepoetin
 

(x 100 
 U/kg/wk for epoetin) 

5.Aim for 110‐120 g/L, monitor 
 ESA dose
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