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I n t r o d u c t i o n

Anaemia is a rather frequent complication of chronic
kidney disease (CKD). Inadequate synthesis of
erythropoietin by the failing kidneys is the main
cause, although other factors commonly
accompanying CKD, such as iron deficiency, may
also be involved. Anaemia often develops early in
the course of the disease, considering that
approximately one-quarter of patients with only
mildly impaired renal function are found to be
anaemic.1 As prevalence of anaemia increases with
the progressive decline in renal function, the
problem becomes even more important in patients
with end-stage renal disease undergoing dialysis. A
recent analysis of more then 150,000 patients in the
US showed that when starting dialysis 67% and 51%
of the patients had a haematocrit below 30% and
28%, respectively.3 In Europe, the results of the
Dialysis Outcomes and Practice Patterns Study
(DOPPS) – an international prospective survey
performed in five different European countries
(France, Germany, Italy, Spain and the UK) showed
that the overall proportion of prevalent dialysis
patients with a haemoglobin level below 11g/dl was
of 54% in the period between 1998 and 1999 and of
47% in 2000.4

B en e f i t s  o f  A n a em i a  C o r r e c t i o n  i n
D i a l y s i s  P a t i e n t s

The awareness of the importance of treating anaemia
in dialysis patients rose from the results of many
observational studies showing that such complication
has a deeply negative impact not only on quality of
life, but on the prognosis of these patients in terms of
both mortality and morbidity.1,4–7 The reasons for the
detrimental effects of anaemia have to be searched for
in its primary involvement in the development of left
ventricular hypertrophy (LVH), with a role as
important as that played by hypertension.1,8,9 LVH is
very common in CKD patients, with a prevalence
that progressively increases along with the decline in
renal function,1 so that up to 70% of incident dialysis
patients are affected.10 In turn, LVH carries a number
of detrimental pathophysiologic implications on
cardiac function, which ultimately give a major

contribution to increase the burden of cardiovascular
morbidity and mortality among dialysis patients.11

In order to effectively counteract the inadequate
endogenous production of erythropoietin, research
during the 1980s focused on developing a molecule
that was equivalent to human erythropoietin through
recombinant deoxyribonucleic acid (DNA)
technology – the availability of recombinant human
erythropoietin (rHu-Epo) for routine clinical use
thus became a reality in 1989. The introduction of
rHu-Epo in clinical practice actually upset the overall
treatment of renal anaemia, previously based upon
periodical blood transfusions of the affected patients,
and is nowadays reasonably considered as the most
significant progress achieved in the field of
nephrology, after dialysis was first introduced in the
1960s. There have been several examples of the
ability of the rHu-Epo administration to achieve and
maintain adequate haemoglobin levels in CKD
patients, thus avoiding the need for blood
transfusions. Studies performed in dialysis patients
showed that higher haemoglobin levels obtained
through rHu-Epo administration are associated with
a number of benefits for the patients, including
improvement of quality of life12,13 and at least partial
regression of LVH.14–16

Cu r r e n t  T r e a tmen t  S t r a t e g i e s

Since its introduction in clinical practice, a number
of important improvements occurred in the delivery
of rHu-Epo therapy, dealing with both the route and
the time frequency of administration. Two different
rHu-Epo formulations, namely epoetin alpha and
beta, have been available for clinical use since the first
development of the molecule – they share the same
amino-acidic chain of the endogenous hormone,
whereas they differ from each other in the glucidic
chains, which are linked to the proteic core of the
molecule. As to the route of administration, rHu-
Epo may be administered either intravenously or
subcutaneously, the latter being preferable due to the
need for lower dosages, a better pharmacokynetic
profile, preservation of vascular vessels and also for
practical reasons in CKD patients not receiving
haemodialysis. The observation of some cases of pure
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red cell aplasia, induced by anti-erythropoietin auto-
antibodies in dialysis patients, most of whom were
receiving epoetin alpha subcutaneously,17 led the
health authorities of many countries in 2002 to
forbid the subcutaneous route of administration for
epoetin alpha, but not for epoetin beta, which can
therefore still be administered in both ways
(subcutaneously and intravenously). The drug is
generally administered thrice weekly, although less
frequent administrations, such as twice weekly, are
used in some cases, particularly in peritoneal dialysis
patients.18,19 Furthermore, recent studies showed that
rHu-Epo given only once a week is as effective as
more frequent administrations in keeping the
haemoglobin target, ensuring greater compliance by
the patient at the same time.20,21

Since 2001, a new molecule, darbepoetin alpha,
became available for clinical use – its distinguishing
feature is the presence of two additional glucidic
chains which make the molecule much more stable
in the human body environment. Compared with
rHu-Epo, the half-life of darbepoetin alpha is,
therefore, prolonged for up to three times when the
drug is given intravenously and up to two times
when it is administered subcutaneously. As a result,
the drug may be administered once a week or once
every two weeks, or even less frequently,22 with
potential important advantages, both organisational
and for the patients.

Open  Qu e s t i o n s R ema i n

Despite the satisfying results obtained in the last 15
years through the extensive use of erythropoitein,
some matters are still debated, as far as the optimal
haemoglobin target to be achieved is concerned. In
particular, it is still unclear whether a complete
normalisation of haemoglobin levels leads to further
advantages compared with only a partial correction,
as suggested by current clinical guidelines which
recommend to achieve and maintain a target
haemoglobin level between 11g/dl and 12g/dl.23,24

In a clinical trial, normalisation of haematocrit was
found to be associated with greater mortality
compared with the partial correction of anaemia,25

but the poor cardiovascular conditions of the patients
and the high percentage of grafts as vascular access
may have strongly conditioned such results. In
another clinical trial performed in patients with less
severe cardiac impairment, different haemoglobin
targets led to comparable changes in left ventricular
parameters, although the degree of LVH regression
was found to be correlated with the achieved

haemoglobin level.26 Besides, normalisation of
haemoglobin proved to be effective in improving the
patients’ quality of life and well-being in selected
groups of patients, such as younger patients without
severe cardiovascular impairment.12,13 At the current
state of knowledge, therefore, individualising the
haemoglobin target, taking into account the
demographic features and the co-morbidities of each
single patient, is likely to be the strategy able to
provide patients with the highest clinical benefit.

Another important question is whether starting
anaemia correction at an earlier phase in the course
of chronic kidney disease would be more effective in
preventing severe cardiovascular damage, which is
typically observed in these patients when they start
dialysis. To this purpose, convincing answers are still
awaited by two on-going studies; the Cardiovascular
Reduction Early Anaemia Treatment Epoetin beta
(CREATE) and the Anaemia Correction in Diabetes
(ACORD). Both of these are randomised, multi-
centre, international, clinical trials aimed at
evaluating the impact of different haemoglobin
targets and different times of starting anaemia
correction (on the prevention of cardiovascular
complications) in patients with CKD in the
conservative phase, as well as on the progression of
the disease and on patients’ quality of life.27,28

Con c l u s i o n s

Anaemia is a frequent and early complication of
CKD and it is even more remarkable in patients
undergoing dialysis. Due to its detrimental effects
on the cardiovascular system, firstly by promoting
the development of LVH, anaemia has a deep
negative impact on a patient’s prognosis. The
introduction in clinical practice of rHu-Epo, and
later of its analogue darbepoetin alpha,
revolutionised the treatment of renal anaemia,
allowing an effective correction of haemoglobin
levels without the need for blood transfusions and,
as a result, leading to a significant improvement in
quality of life and a global improvement in the
clinical status of CKD patients. Nevertheless, some
uncertainties as to particular aspects of anaemia
management in CKD patients still persist,
particularly regarding the time at which anaemia
correction should be started and the haemoglobin
target that should be achieved. Results from on-
going clinical studies are expected to define the
modalities of anaemia correction that will allow the
achievement of the best clinical results in dialysis
patients and, in general, patients with CKD. n

B U S I N E S S  B R I E F I N G :  L O N G  T E R M  H E A L T H C A R E  2 0 0 5

3

R e f e r e n c e s

1. Levin A, Thompson C R, Ethier J et al., “Left ventricular mass index increase in early renal disease: impact of decline in
hemoglobin”, Am. J. Kidney Dis. (1999); 34: pp. 125–134.



2. Astor B C, Muntner P, Levin A, Eustace J A, Coresh J, “Association of kidney function with anemia: the Third National
Health and Nutrition Examination Survey (1988–1994)”, Arch. Intern. Med. (2002); 162: pp. 1,401–1,408.

3. Obrador G T, Ruthazer R, Arora P, Kausz A T, Pereira B J, “Prevalence of and factors associated with suboptimal care
before initiation of dialysis in the United States”, J. Am. Soc. Nephrol. (1999); 10: pp. 1,793–1,800.

4. Locatelli F, Pisoni R L, Combe C et al., “Anemia in haemodialysis patients of five European Countries: association with
morbidity and mortality in the Dialysis Outcomes and Practice Patterns Study (DOPPS)”, Nephrol. Dial. Transplant
(2004); 19: pp. 121–132.

5. Holland D C, Lam M, “Predictors of hospitalization and death among pre-dialysis patients: a retrospective cohort study”,
Nephrol. Dial. Transplant (2000); 15: pp. 650–658.

6. Locatelli F, Conte F, Marcelli D, “The impact of haematocrit levels and erythropoietin treatment on overall and
cardiovascular mortality and morbidity – the experience of the Lombardy Dialysis Registry”, Nephrol. Dial. Transplant
(1998); 13: pp. 1,642–1,644.

7. Collins A J, Li S, St Peter W, Ebben J, Roberts T, Ma J Z, Manning W, “Death, hospitalization and economic
associations among incident hemodialysis patients with hematocrit values of 36–39%”, J. Am. Soc. Nephrol. (2001); 12:
pp. 2,465–2,473.

8. London G M, Fabiani F, Marchais S J et al., “Uremic cardiomyopathy: an inadequate left ventricular hypertrophy”,
Kidney Int. (1987); 31: pp. 973–980.

9. Foley R N, Parfrey P S, Harnett J D, Kent G M, Murray D C, Barre P E, “The impact of anaemia on cardiomyopathy,
morbidity and mortality in end-stage renal disease”, Am. J. Kidney Dis. (1996); 28: pp. 53–61.

10. Foley R N, Parfrey P S, Harnett J D et al., “Clinical and echocardiographic disease in patients starting end-stage renal
disease therapy”, Kidney Int. (1995); 47: pp. 186–192.

11. Stack A G, Saran R, “Clinical correlates and mortality impact of left ventricular hypertrophy among new ESRD patients
in the United States”, Am. J. Kidney Dis. (2002); 40: pp. 1,202–1,210.

12. Moreno F, Sanz-Guajardo D, Lopez-Gomez J M et al., “Increasing the hematocrit has a beneficial effect on quality of life
and is safe in selected hemodialysis patients”, J. Am. Soc. Nephrol. (2000); 11: pp. 335–342.

13. Furuland H, Linde T, Ahlmen J et al., “A randomized controlled trial of haemoglobin normalization with epoetin alfa in
pre-dialysis and dialysis patients”, Nephrol. Dial. Transplant (2003); 18: pp. 353–361.

14. Hayashi T, Suzuki A, Shoji T et al., “Cardiovascular effect of normalizing the hematocrit level during erythropoietin
therapy in predialysis patients with chronic renal failure”, Am. J. Kidney Dis. (2000); 35: pp. 250–256.

15. Wizemann V, Schafer R, Kramer W, “Follow-up of cardiac changes induced by anemia compensation in normotensive
hemodialysis patients with left-ventricular hypertrophy”, Nephron. (1993); 64: pp. 202–206.

16. Frank H, Heusser K, Hoffken B, Huber P, Schmieder R E, Schobel H P, “Effect of erythropoietin on cardiovascular
prognosis parameters in hemodialysis patients”, Kidney Int. (2004); 66: pp. 832–840.

17. Casadevall N, Nataf J, Viron B et al., “Pure red cell aplasia and antierythropoietin antibodies in patients treated with
recombinant erythropoietin”, N. Engl. J. Med. (2002);346: pp. 469–475.

18. Macdougall I C, “Treatment of renal anaemia with recombinant human erytropoietin”, Curr. Opin. Nephrol.
Hypertens. (1992); 1: pp. 210–219.

19. Kaufman J S et al., “Subcutaneous compared with intravenous epoetin in patients receiving hemodialysis”, N. Eng. J.
Med. (1998); 339: pp. 578–583.

20. Weiss LG et al., “The efficacy of once weekly compared with two or three times weekly subcutaneous epoetin ß: results from
a randomized controlled multicentre trial”, Nephrol. Dial. Transplant (2000); 15: pp. 2,014–2,019.

21. Locatelli F et al., “Once Weekly Compared with Three Times Weekly Subcutaneous Epoetin beta: Results from a
Randomized Multicenter, Therapeutic-Equivalence Study”, Am. J. Kidney Dis. (2002); 40: pp. 119–125.

22. Locatelli F, Canaud B, Giacardy F et al., “Treatment of anaemia in dialysis patients with unit dosing of darbepoetin alfa
at reduced dose frequency relative to recombinant human erythropoietin (rHuEpo)”, Nephrol. Dial. Transplant (2003);
18: pp. 362–369.

23. National Kidney Foundation, “K/DOQI Clinical Practice Guidelines, 2000 update”, Am. J. Kidney Dis. (2001); 37
(Suppl 1): S1–S238.

24. “Revised European Best Practice Guidelines for the management of anaemia in patients with chronic renal failure”,
Nephrol. Dial. Transplant (2004); 19 (Suppl 2): pp. 1–47.

25. Besarab A, Bolton W K, Browne J K et al., “The effects of normal as compared with low hematocrit values in patients with
cardiac disease who are receiving hemodialysis and epoetin”, New Engl. J. Med. (1998); 339: pp. 584–590.

26. Foley R N, Parfrey P S, Morgan J et al., “Effect of hemoglobin levels in hemodialysis patients with asymptomatic
cardiomyopathy”, Kidney Int. (2000); 58: pp. 1,325–1,335.

27. Macdougall I C, “CREATE: new strategies for early anaemia management in renal insufficiency”, Nephrol. Dial.
Transplant (2003); 18 (Suppl 2): ii13–ii16.

28. Laville M, “Anaemia Correction in Diabetes trial. New strategies in anaemia management: ACORD (Anaemia
CORrection in Diabetes) trial”, Acta. Diabetol. (2004); 41 (Suppl 1): S18–S22.

B U S I N E S S  B R I E F I N G :  L O N G  T E R M  H E A L T H C A R E  2 0 0 5

4

Reference Section


