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INTRODUCTION

Anemia is an almost universal feature of advancing
chronic kidney disease (CKD). This anemia is principally
caused by the failing kidney’s inability to produce sufficient
quantities of erythropoietin, the glycoprotein growth fac-
tor that regulates erythropoiesis, but other factors fre-
quently are involved, such as iron deficiency and de-
creased red blood cell survival. The constellation of factors
in CKD that lead to low hemoglobin levels (< 12 mg/dL)
causes what has become known as the anemia of chronic kid-
ney disease. In the United States, an estimated 1.6 million
individuals have this type of anemia,1 and it is present in
more than 75% of patients starting dialysis.2

Before the clinical introduction of recombinant
human erythropoietin (rHuEPO) for dialysis patients in
1989, many of the clinical features believed to be part of
the uremic syndrome were actually a result of profound
anemia and some of the approaches used for its treat-
ment, such as frequent transfusions of packed red blood
cells. When CKD patients’ hemoglobin levels were
raised with rHuEPO therapy, these patients experienced
an improved sense of well-being when directly assessed
by Karnofsky scores.3 In addition, patients reported bet-
ter energy levels, diminished sleep disturbances (with
less daytime sleepiness),4 improved cognitive function,5

and increased ability to take on the tasks of daily living.6,7

Higher hemoglobin levels in CKD patients have been
found to correlate with better cardiovascular outcomes
such as improved left ventricular hypertrophy (LVH),8

improved exercise capacity,9 and reduced cardiac is-
chemia during times of stress.10 Globally, patients who
achieved higher hemoglobin values had lower mortality
than those who did not.11–13 The ability to manage ane-
mia has revolutionized the care of CKD patients.

In the wake of these changes in anemia manage-
ment, questions have emerged concerning how to set
hemoglobin targets for erythropoietic therapy. Part of
this debate has centered on the reimbursement system
for administration of erythropoietic agents, especially as
it has become clear that reimbursement strategies have
a profound impact on clinical outcomes.14,15 The de-
bate over hemoglobin targets, and by extension, reim-

bursement, has hinged in part on the impact of differ-
ent levels of hemoglobin on cardiovascular mortality in
CKD patients. Cardiovascular events are the leading
cause of mortality in both CKD and renal transplant
patients, and thus cardiovascular outcomes have be-
come a principal endpoint in interpreting studies in
these patients. As this debate continues, recommended
hemoglobin targets continue to be updated to reflect
new research findings. 

A working knowledge of the basic tenets of anemia
management is essential to the modern practice of
nephrology. This manual reviews the factors that lead to
anemia in CKD, strategies to treat anemia in different
populations of patients with kidney disease, the data
connecting cardiovascular outcomes in CKD with dif-
ferent anemia targets, and the controversies surround-
ing appropriate hemoglobin targets.

ETIOLOGY OF THE ANEMIA OF CKD

CASE PATIENT 1
Initial Presentation

A 62-year-old woman with an 18-year history of type 2
diabetes, longstanding hypertension, and hyperlipi-
demia is referred to a nephrology clinic for evaluation
of an “abnormal creatinine” level on routine testing.

History and Physical Examination

The patient has been followed by her family physi-
cian for many years and admits that she has not been
very diligent in attending to her health. She does not
report nausea and vomiting, change in appetite, or
metallic taste but does admit to frequent urination and
generally feeling tired. She says she “just can’t get up
and go” like she used to and hopes that this can be
addressed with some pills. 

Her medications include a calcium channel blocker
(nifedipine), a diuretic (hydrochlorothiazide), and the
oral hypoglycemic agent glyburide. She states that her
primary physician had suggested starting her on in-
sulin some time ago, but she has resisted because she
wants to avoid injections. More recently, her diabetes 
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