
We present this article to 
demonstrate the strong re-
lationship between anemia 
and chronic kidney disease 
(CKD). Statistical estimates 

place the number of patients with CKD and ane-
mia at 1.5 million in the United States of Amer-
ica. Recently, anemia has been linked to car-
diovascular disease, which is a major cause of 
mortality in CKD. When anemia is corrected in 
hemodialysis patients, overall health and quality 
of life improve. In spite of this, early nephrology 
consultation to correct anemia may be required 
to reduce the high mortality rates.

Below we present some case histories, the eti-
ology, and recommended treatment of anemia;  
demonstrate both the relationship with kidney 
disease that our medical practice specializes in, 
and, cardiovascular disease (CVD). It is also 
emphasized, how important it is to assess kidney 
function by calculating the glomerular filtration 
rate (GFR).

CASE PRESENTATION
Case 1
Female, age 82, with past medical history signifi-
cant for type 2 diabetes, hypertension and hyper-
lipidemia. She presents to the Emergency Room, 
with severe weakness and fatigue. She had not 
seen a doctor for the last 7 years. Her physical 
examination was significant for blood pressure 
(BP): 140/85, Pulse 70 per minute, Weight 90 
lbs., otherwise unrevealing. Laboratory investi-
gations showed: blood sugar: 180 mg/dl, blood 
urea nitrogen (BUN): 30 mg/dl, serum Creatinine 
(SCr): 1.9 mg/dl. Urinalysis showed 3+ protein, 
no red blood cells. Hemoglobin (Hgb) 7.9 gr/dl. 
Stat Hematology Consult was obtained.

Case 2
Male, age 42, with past medical history significant 
for type 2 diabetes, hypertension and hyperlipid-
emia for the last five years, presents to the Emer-
gency Room with severe weakness and fatigue. 
He admits non compliance with his regimen and 
no medical follow up for two years. Physical ex-
amination is significant for BP: 160/90, Pulse 85/
min., Weight 220 lbs, Extremities with two plus 
pitting edema, otherwise unremarkable. Labora-
tory data showed a blood sugar: 250 mg/dl, BUN: 
60 mg/dl, SCr: 4.2 mg/dl, Hgb: 7 gr/dl. Stat Ne-
phrology Consult was obtained.

These two cases that presented with severe ane-
mia have been chosen to emphasize that SCr has 
limited value in assessing the accurate level of 
kidney function. In the first case, the patient was 
referred to a hematologist, based on severe ane-
mia. Because of a SCr mildly elevated, kidney 
disease is not evident.  The second patient was 
referred to a nephrologist because of an obviously 
elevated SCr. 

Surprisingly, when GFR calculations are per-
formed, the first patient showed a lower level of 
kidney function. In case 1 the GFR was 17 ml/
min indicating CKD stage 4, and in case 2 the 
GFR was 31 ml/min which places him in the cat-
egory of CKD stage 3. His kidney function is bet-
ter, even with a higher SCr.  Anemia is most likely 
secondary to renal disease in both patients.

Glomerular filtration rate (GFR) estimation is the 
most appropriate method to establish kidney func-
tion. (See our first Newsletter). The numbers were 
developed using the Cockcroft-Gault formula.

The association between anemia and CKD was 
continued on page 2



HEART DISEASE

The anemia of early stages of CKD contributes to the 
development of cardiovascular disease (CVD), an 
independent determinant of mortality among patients 
with end stage renal disease (ESRD). 

CVD is common (46%) before dialysis, and worsens 
after the initiation of dialysis (up to 80%). Several 
lines of evidence have shown that 50% of deaths in 
dialysis patients are caused by CVD, the most common 
of which is heart failure. Furthermore, the probability 
of developing Chronic Heart Failure (CHF) after 
starting dialysis is 80% within the fi rst year, and the 
presence of CHF and Left Ventricular Hypertrophy 
(LVH) signal a higher mortality rate. 

In CKD patients, systolic hypertension 
and anemia have been identifi ed as 
independent-risk factors for 
left ventricular wall growth. 
For each 0.5 g/dl decline in 
Hgb there is a 32% increase 
in risk for LVH, whereas for every 
15 mmHg increase in systolic blood 
pressure there is a 36% increase in 
risk for LVH. 

The National Health and Nutrition 
Examination Survey (NHANES) II data 
demonstrated that people with GFR less 
than 70 ml/min exhibited a higher risk of 
death from cardiovascular disease. Each 10 
ml/min/1.73 m2 of decline in kidney function 
increased the risk of CVD by 5%.

Furthermore, Levin et al have shown that the presence 
of low Hgb and CVD independently predicts shortened 
time to renal failure. This can happen, by at least two 
mechanisms:

1) Renal tissue hypoxia, and/or 

2) Cardiac failure. Even if renal blood fl ow is normal, 
relative tissue hypoxia could worsen renal structure 
and function, up-regulating metalloproteinases and 
nitric oxide synthetases associated with interstitial 
fi brosis. This will lead to decrease in GFR and 
worsening anemia.  

The trials designed to correct anemia in 
hemodialysis patients, have demonstrated 
improved quality of life, overall well being, 
appetite, energy level, work capacity, aerobic 

capacity, cognitive function, 
sexual function, and immunity.  
A higher Hgb level will improve 
hemostatic defects of uremia, 

and is a key factor in the regression 
of LVH, reducing cardiovascular 

complications. However, it has not been 
proven yet, that improving Hgb levels 

in hemodialysis patients contributes to 
reduce the overall mortality. Additionally, 
the Besarab study, which treated 
hemodialysis patients to a normal Hct 
of 42% versus maintaining Hct of 30%, 
was terminated early, since those with 

higher Hct showed higher mortality. 
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fi rst noted by Richard Bright back in 1836. However, 
it was not until 1953, when an erythropoietic factor 
was identifi ed in the serum of anemic rabbits. Later on, 
Goldwasser demonstrated that the kidney was the site 
that regulated the production of this factor. In 1985, 
erythropoietin was isolated.  This advancement started 
a new era of treatment for anemia, establishing the ba-
sis for cloning and drug development.
Anemia develops as CKD progresses, due to the de-
creased erythropoietin synthesis associated with loss 

of kidney mass. Recent observations have shown that 
anemia can be observed as early as CKD stage 2, at 
a GFR level of 70 ml/min, especially in patients with 
diabetic nephropathy.  Hematocrit (Hct) generally de-
clines around 3% for every 10 ml/min/1.73 m2 of re-
duction in GFR. Hsu et al have estimated that 800,000 
patients with CKD have anemia, defi ned as Hgb less 
than 11 g/dl. Likewise, from extrapolated data on the 
distribution of Hct levels among patients with various 
degrees of CKD from a Health Maintenance Organiza-
tion, there are as many as 1.5 million individuals with 
CKD and anemia in the USA.
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On the other hand, there are several small observational 
studies in pre-dialysis patients that have demonstrated 
reduction in cardiovascular morbidity and mortality 
when anemia is treated. One by Hayashi, involved nine 
CKD patients, and showed regression of pre-existing 
LVH with normalization of Hgb.

The data demonstrates that the correction of Hgb in 
patients on hemodialysis, with established complica-
tions, might be too late to change end-results.  There-
fore, all efforts are being targeted to intervene in re-
gards to anemia management prior to dialysis. It has 
been hypothesized that the exposure to the uremic mi-
lieu, which includes middle molecules, acidosis, ab-
normalities of mineral metabolism, and high levels of 
known growth factors, leads to irreversible myocardial 
changes in structure and function.  Thus, maintaining 
adequate Hgb levels before the initiation of renal re-
placement therapy could be a key factor in the reduc-
tion of mortality and cardiovascular complications in 
patients with kidney disease.

Treatment
How should we treat anemia associated with kidney 
disease?  In 1997, the National Kidney Foundation, 
published recommendations that were updated in the 
year 2000. They are available on the Internet for health 
care professionals at: (www.kidney.org/professionals). 
They are as follows:

1) Establish the level of kidney function, most fre-
quently using the Modification of Diet in Renal Dis-
ease (MDRD), and/or the Cockcroft –Gault equa-
tions, as it was reviewed in a former newsletter. (see 
www.AKDHC.com)

2) If GFR less than 60 ml/min, initiate anemia work up.

3) Anemia is considered when Hct level is less than
33% in pre-menopausal women and pre-pubertal pa-
tients, or if Hct is less than 36% in post menopausal 
females and adult males. The classical features of 
anemia of renal disease are normocytic, normochro-
mic, non regenerative.

4) Check indices such as complete blood count, reti- 
culocyte count, iron studies, vitamin B12 level, folic 
acid level and occult blood in stool, especially in el-

derly patients that may have nutritional deficiencies. 

5) Once secondary causes have been discarded, then
the patient can be treated with Erythropoietin.

Erythropoietin is synthesized predominantly in the liv-
er in utero. However at birth, a transition, triggered by 
hypoxia occurs, and the kidney takes over. Although 
some controversy still exists, the interstitial fibroblasts 
within the deep cortex are thought to be the major site 
of production.

Since 1985, when it was cloned and produced by ge-
netic engineering, it has been approved for clinical use 
in CKD and ESRD patients. It is considered the most 
significant advance in the treatment of hemodialysis 
patients in the last 40 years.

The primary mechanism of action of r-HuEPO is stim-
ulation of erythropoiesis by binding to specific recep-
tors on erythroid precursors that have already differen-
tiated from pluripotential stem cells. It may also act as 
a permissive survival factor, preventing apoptosis, thus 
allowing red blood cell precursors to reach a stage at 
which they will inevitably mature into red blood cells. 

Dose and Route of Administration
The appropriate dose of r-HuEPO is based on the se-
verity of the anemia. Starting doses range between 
50-150 U/Kg/week. Subcutaneous administration 
once a week, or every two weeks is the most prac-
tical way to treat patients with CKD. It also allows 
for lower doses, to maintain target Hgb levels (11-12 
g/dl), and may have better effect on erythropoiesis. 
Hct/Hgb levels should be monitored every two to four 
weeks at the beginning of therapy, or after a signifi-
cant adjustment in the dose. Patients should achieve 
target levels within a period of four to twelve weeks. 
Erythropoietin levels are not helpful to monitor the 
response to therapy.

The long half life of r-HuEPO and the long half life 
of red blood cells mean that changes in steady state 
hemoglobin concentration take weeks to develop. 
Therefore, in patients who exceed the target or rapidly 
respond, should not have the medication held, but ad-
justed appropriately. Likewise, adjust the dose and/or 
frequency incrementally for slow responders.
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Darbepoetin Alfa (Aranesp ®)
A genetically engineered analogue of r-HuEPO, has 
been recently released to the market. The erythropoi-
etic mechanism is identical to r-HuEPO. However, 
it has an increased amount of sialic acid-containing 
carbohydrate, which provides a longer half life and 
greater in-vivo biological activity. A single IV injec-
tion lasts approximately 25.3 hours compared with 8.5 
hours with r-HuEPO. The dose is 0.45 ug/Kg/week, 
subcutaneously. Depending on the response, it can be 
dosed every two to four weeks.

Potential Side Effects 
Both r-HuEPO and Darbepoetin alfa have potential 
side effects as follows:

1) Uncontrolled hypertension, the most common side
effect, is seen in about 25 to 30% of patients with 
CKD or ESRD. The mechanisms are not clearly 
understood, however, it is not a reason to discon-
tinue the medication. Interestingly, HTN is not 
seen in patients treated with r-HuEPO without re-
nal disease.

2) Pure Red Cell Aplasia is an adverse consequence
of certain therapies. Since 1999, r-HuEPO has 
been associated with this entity. The majority of 
the cases have been described in patients treated 
with Eprex ® brand of r-HuEPO alfa outside the 
USA.  Research is being performed to understand 
the process; however some speculation exists that 
changes in the albumin content of the molecule, 
made by the pharmaceutical company, may have 
played a role in the development of antibodies. 

3) Minor side effects, reported in 3-11% of patients,
include body aches, headache, nausea, fever, leth-
argy, and anxiety. 

r-HuEPO  Resistance
96% of patients will respond to r-HuEPO or Aranesp 

if the appropriate dose is administered. However if 
patients do not achieve the target Hgb/Hct within 4 
to 6 months, this can be interpreted as resistance. The 
most common cause of an incomplete response is iron 
deficiency. After the evaluation of iron stores, mea-
suring levels of Reticulocyte Hemoglobin, Iron level, 
Transferrin Saturation and Ferritin levels, the levels 
can be replaced.

There are new safe formulations (Iron sucrose, and 
Sodium ferric gluconate complex) for the IV adminis-
tration of iron that do not need test dose, and the side 
effects are similar to placebo.

Once the above steps are completed, the following 
conditions need to be evaluated:

1)   Infection/inflammation

2)   Chronic blood loss

3)   Osteitis fibrosa

4)   Aluminum toxicity

5)   Hemoglobinopathies

6)   Folate or vitamin B12 deficiency

7)   Multiple myeloma

8)   Malnutrition

9)   Hemolysis, and 

10) Use of  angiotension converting enzyme inhibitors
or Angiotensin receptor antagonists.

Anemia in the Critically Ill Patient
Anemia of critical illness is a multi-factorial con-
dition caused by phlebotomy, ongoing blood loss, 
and inadequate production of red blood cells, maybe 
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partly explained by the effect of inflammatory cyto-
kines on erythropoietin.

Although red blood cell transfusion is the treatment 
of choice for immediate therapy, the use of erythro-
poietin has significantly reduced the overall blood 
use in critical care. Additional studies are ongoing 
to further demonstrate this benefit. Current recom-
mended dose is 40,000 U of r-HuEPO subcutane-
ously once a week, after the third day in the inten-
sive care unit.

SUMMARY AND CONCLUSIONS 

The ten steps below briefly outline pertinent 
factors in anemia and CKD:

1)  Anemia is a significant co-morbid condition in
CKD patients. It represents a major contributor 
to CVD disease, and is deleterious to the quality 
of life.

2)  The use of r-HuEPO to a target Hg between 11 -
12 g/dl decreases LVH and cardiovascular com-
plications. It also improves quality of life, cogni-
tive function, functional capacity, appetite, and 
sexual function. Studies are ongoing to assess the 
impact on mortality in the pre-dialysis stages. 

3)  Treatment with r-HuEPO should be initiated when
GFR is less than 60 ml/min.

4)  The best methods to assess kidney function are the
MDRD and the Cockcroft-Gault formulas.

5)    Anemia is defined as Hct less than 33% in pre-meno-
pausal women, and less than 36% in post-meno-
pausal women and adult males. 

6)  Refer to a nephrologist to initiate therapy, 
before cardiovascular complications develop.

7)  The guidelines for evaluation and treatment of 

anemia are posted on DOQI guidelines website. 
www.kidney.org/professionals

8)  Treatment with r-HuEPO is initiated at a dose of 50-
150 U/Kg/week, subcutaneously. Hypertension - 
a major side effect is not a reason to discontinue 
therapy.

9)  Darbepoetin Alfa, a variant of r-HuEPO that con-
tains more carbohydrates is available, with the advan-
tage of a longer half-life and better in-vivo biological 
activity, promising for reduced-dosage and cost.

10) The use of r-HuEPO in critical care may help 
decrease the use of blood transfusions and their 
risks, however further studies are needed to 
prove this benefit.


