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OBJECTIVE: To review recent studies in the
management of anemia in chronic renal failure
(CRF).

MATERIALS AND METHODS: Literatures were
reviewed and studies analyzed and integrated.

RESULTS: Anemia is a well-known complica-
tion of renal failure and limits rehabilitation in many
patients. Many developments have provided
insights into the relationship of the kidney to
erythropoiesis, however, controversy persists
about the major mechanism that result to anemia.
Although the primary cause of anemia in CRF is an
absolute or relative erythropoietin deficiency,
several other mechanisms also contribute to the
anemia - mild hemolysis, blood loss due to uremic
platelet dysfunction and possibly, the retained
inhibitors of erythropoietin. The patient with slowly
progressive renal failure will not require therapy
unless symptoms of tissue hypoxia occur and/or
hemoglobin level falls below 10 g/dl or hematocrit
value of less than thirty percent. Red cell transfu-
sion have been required in the past but the intro-
duction of recombinant Human Erythropoietin (r-
HuEpo) made transfusion therapy obsolete.
Therapy with r-HuEpo have shown favorable effect
with regards to correction of anemia, such as
cardiovascular, hemodynamic, neurologic and
immune functions, as well as a better quality of life.
There are some other approaches that can
optimize red cell production such as maintenance
of iron store, folic acid supplements, anabolic
androgens and improved dialysis clearance.

CONCLUSION: Aggressive approach in the
management of anemia in CRF lessens the morbid-
ity rate in the patients, especially with the availabil-
ity of r-HuEpo which became the mainstay therapy.
It is anticipated that its early use in treating pro- '.
gressive anemia will result in more fully rehabili-
tated patients who will be spared not only from
the symptoms of chronic anemia but also from the
adverse effect of multiple transfusion.

Anemia is one of the hematologic abnormality and a
common sequelae of chronic renal failure (CRF). It
occurs usually in patients whose glomerular filtration

rate (GFR) falls below 30 ml/min.' The severity of anemia
in any given individual increases as renal excretory function
deteriorates. Usually these patients are severely limited when
their hematocrit level is less than thirty percent, experiencing
symptoms such as angina, malaise, easy fatigability and
reduced exercise tolerance.

The anemia which affects CRF patients is multifactorial
as shown in Table l. It is primarily due to erythropoietin
deficiency brought about by the loss of renal parenchyma. There
are other factors which decreases erythropoiesis and aggravates
anemia, like nephrectomy, iron and folate deficiencies, severe
hyperthyroidism, hypertransfusion and presence ofuremic inhibi-
tors. Erythropoiesis may also be affected by factors which
decrease red cell survival such as hemolysis and hypersplenism.

The anemia in CRF is partially compensated by the
increase in red cell 2, 3- diphosphoglycerate, which enhances
tissue oxygenation by shifting the hemoglobin-oxygen dissocia-
tion curve to the right. But as renal failure progresses, symptoms
of tissue hypoxia start to manifest and require specific therapy.

The treatment of anemia in CRF are listed in Table 2.

IRON AND FOLIC ACID SUPPLEMENTS

Maintenance of iron stores is essential because iron is
required for hemoglobin synthesis. Iron stores are most
conveniently quantitated by serum ferritin levels. As serum
ferritin correlates with marrow iron stores, the test should be
done every four to six months in hemodialysis patients who are
not receiving effective recombinant Human Erythropoietin (r-
HuEpo) therapy. With the onset of r-HuEpo therapy, iron
utilization by the erythroid marrow greatly increases, so serum
ferritin, serum iron, and transferrin saturation should be meas-
ured every month for three to four months and every two to three
months thereafter. Iron deficiency anemia occurs when, (1) the
serum ferritin is less than 13 ng/ml, and (2) total iron binding
capacity (TBC) is less than 50 umolll, and (3) the transferrin
saturation is less than thirty percent.' Since iron absorption
is normal in CRF, oral iron supplementation should maintain
iron stores as long as the expected dialyzer losses are not
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Table 1. Etiology of anemia in chronic renal failure

I. Primary Causes
a) -Decreased erythropoietin production

Loss of renal parenchyma
b) Inhibitors of erythropoiesis
c) Hemolysis

II. Aggravating Factors
a) Decreased erythropoietin production

Infection
Malnutrition

b) Exacerbation of hemolysis
Oxidant substances or drugs
Hypophosphatemia
Microangiopathy
Hypersplenism

c) Deficiency of hematinic substances
Iron deficiency
Folic acid deficiency

d) Excessive RBC loss
Mucosal bleeding due to platelet defects
Blood loss in dialysis coils or during surgical proce-
dures
Blood drawing for laboratory testing

e) Miscellaneous
Hyperparathyroidism

III. Ameliorating Factors
a) Plasma volume contraction
b) Hypertension
c) Parathyroidectomy
d) Renal cystic disease
e) Hypoxia

Table 2. Treatment of anemia in chronic renal failure

I. Preventive
a) Iron and Folate therapy
b) Avoidance of early nephrectomy
c) Early treatment of infections
d) Avoid exposure to drugs or chemicals with high oxidiz-

ing potentials

II. Therapeutic
a) Decrease inhibitors of erythropoiesis

Hemodialysis
Peritoneal dialysis

b) Increase erythropoietin levels
Androgens
Erythropoietin
Renal transplantation

c) For specific complications
Iron (oral or IV)
Folic acid
Splenectomy

d) Miscellaneous
Blood transfusion

excessive. Iron absorption is optimized if iron sulfate or
gluconate, 325 mg (50-100 mg elemental iron) is taken three
times a day before meals and separately from any aluminum
phosphate-binders. Parenteral iron is recommended for patients
who cannot tolerate oral iron, those who cannot absorb iron
properly, those who are non-compliant, and those who have
marginal iron stores despite oral iron supplements.

Folic acid supplement is recommended to patients with
renal failure to replace either suspected dietary deficiencies or
extra losses due to dialysis. Folate deficiency induces
megaloblastic erythroid changes and can aggravate the
hypoproliferative anemia. It is given at 1 mg daily.

IMPROVED DIALYSIS CLEARANCE

Most patients with renal failure have a mild improvement
in their anemia after being placed on an effective hemodialysis
program and chronic ambulatory peritoneal dialysis. This may
be due to the improved dialysis clearance of small and middle
molecules which inhibits the response of the bone marrow to-
erythropoietin.'

ANDROGENS

Before the introduction ofr-HuEpo, androgenic-anabolic
steroids were the only relatively safe drugs used in the treatment
of anemia in renal failure that had the potential to increase
erythropoiesis in dialysis patients. An improvement in the
hematocrit levels may be noted if androgens were given for at
least six months. The three classes of androgenic steroids which
were specifically tested for this purpose were: (1) Testosterone
esters, (2) 17-methyl compounds, e.g. Fluoxymesterone, and (3)
19-nortesterone, e.g. Nandrolone decanoate. The most com-
monly used and studied drugs were the last 2; oral
fluoxymesterone, (Halotestin) at 0.2 to 1.0 mglkglday and
intramuscular nandrolone decanoate at 1.5 to 2.5 mglkglday.
They act by stimulating erythropoietin production by the
remaining renal tissue and possibly the liver as well, and by
acting directly on the erythroid marrow to enhance the response
to erythropoietin.' Unfortunately, they are not spared from side-
effects. Fluoxymesterone may cause mild to moderate virilization,
fluid retention, hypertriglyceridernia, cholestasis, and transient
rise in serum liver and muscle enzymes. Nandrolone decanoate
may cause hirsutism in females, priapism in males and-
hematomas. Patients who receive androgens should be those
who require transfusions or those with hematocrit less than
twenty-five percent. The drug should be discontinued if there is
no response after six months of used or after a maximal response
has been achieved.

TRANSFUSIONS

It is very desirable to avoid transfusion and used it only
to correct acute blood loss, as they carry a number of risks. The
risk of exposure to infectious agents such as hepatitis Band C,
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and HIV, is significant. In addition, about twenty percent of
patients receiving repeated transfusions become sensitized to
human leukocyte antigens. 5 Allosensitization lowers the chances
of a successful transplant. Transfusion reactions and iron
overload are minor issues, but may be of considerable concern
in individual patients. Iftransfusions are necessary, packed red
cells are preferred, to minimize volume shifts and only one to
two units is usually required.

ERYTHROPOIETIN THERAPY

The availability of recombinant Human Erythropoietin
(r-HuEpo) has led to a number of studies and clinical trials and
has considerably improved the therapy of anemia in renal
failure. Therapy may be given to treat symptoms of anemia, to
avoid repeated blood transfusion, and treat the underlying
causes of anemia. Raising the hemoglobin! hematocrit levels
with r-HuEpo improves a number of measures such as cardio-
vascular, neurological and immune functions as well as
psychosocial factors.

Treatment with r-HuEpo consist of2 phases: the initia-
tion and the maintenance phases. On the first phase, a dose of
100-150 units/kgldose is given three times a week, either by
subcutaneous or intravenous route of injection. Anemic pa-
tients rapidly stabilize and results in a rise in their hematocrit
levels within six to eight weeks. This is followed by a mainte-
nance phase, at a dose of 50-75 units/kg, but may be as low as
25-50 units/kg, to maintain the hematocrit level to at least thirty
percent.

Resistance to erythropoietin may be seen in some patients
when approximately one month after initiation oftreatment, the
rate of hematocrit increase is less than one percent per week in
a patient receiving ~ 50 units/kg ofr-HuEpo, three times weekly
intravenously." It may also be a result of inadequate dosage or
secondary to factors that attenuate the hematopoietic response
to r-HuEpo, such as iron and folate deficiency, aluminum
intoxication, infection, inflammation, hyperparathyroidism,
hemolysis and bone marrow disease.

A number of studies have demonstrated an objective
improvement in the physiological parameters following therapy
with r-HuEpo.

A) EXERCISE TOLERANCE - Improvements in exercise
duration, exercise workload, maximum oxygen consumption
and aerobic threshold reach a peak after two to four months of
therapy.'

B) CARDIOVASCULAR FUNCTION - Treatment with r-
HuEpo has shown changes on the hemodynamics of cardiac
function: a decrease in cardiac output accompanied by an
increase in peripheral vascular resistance." There is also an
improvement in myocardial ischemia which may be due to
improved oxygen delivery to the myocardium from higher
hemoglobin levels, or to diminished demand for oxygen from
the reduction in left ventricular mass. A significant left ven-

tricular remodeling can be achieved after four to six months of
therapy with a progressive improvement up to twelve months."

C) NEUROLOGIC FUNCTION - CRF causes character-
istic cognitive dysfunction and neurobehavioral abnormalities
termed uremic encephalopathy. These changes usually occurs
even in patients who are treated optimally. The abnormalities
may result from lower rates of oxygen delivery to the brain due
to the reduction in hematocrit. A study was conducted on the
effect of r- HuEpo therapy on the electrophysiological function
which showed an improvement in the parameters considered
and correlated well with the degree of correction ofthe anemia. 10

This suggest a significant contribution by anemia to uremic
encephalopathy.

D) IMMUNE FUNCTION - Patients with CRF have been
shown to exhibit both cellular and humoral immune deficien-
cies. Cells harvested from such patients have an impaired
proliferative responses to T-cell mitogens and alloantigens as
well as reduction in its natural killer cell activity needed to
defend against malignant cell growth. As a consequence of these
deficiencies, these patients can be susceptible to infections and
tumor growth.

A clinical trial was recently conducted to investigate the
effect of r-HuEpo on immune function. II It revealed an improve-
ment in the immune response by stimulating myeloid and
monocyte progenitors, cytokine production and the response to
T-cell mitogen. Patients with the most impaired immune func-
tion before the initiation of therapy showed higher levels of
improvements.

E) QUALITY OF LIFE - A study conducted to assess the
quality of life of patients before and during r-HuEpo therapy
using the sickness impact profile (SIP), a kidney disease ques-
tionnaire (KDQ), and a utility score (ITO), showed a marked
improvement in fatigue, physical symptoms and exercise toler-
ance after six months of therapy." They also reported a positive
correlation between increased hemoglobin levels and quality of
life. It was also recommended that hemoglobin levels must be
maintained at 10-11 g/dl.

Side-effects may become a problem during r-HuEpo
therapy. First, as the hematocrit rises, whole blood viscosity
rises exponentially. In turn, the increase in blood viscosity
elevates the peripheral vascular resistance causing hyperten-
sion. It is speculated also that r-HuEpo may also act directly on
vascular endothelial cells. The frequency of blood pressure
change is greatest during the first twelve weeks of therapy, as the
hematocrit is being corrected, with one-third of patients expe-
riencing an increase in diastolic pressure greater than 10 mm
Hg. In one study, hypertension developed in thirty percent of
previously normotensive patients; fifteen percent of these
spontaneously resolved and sixty percent was controlled by
monotherapy."
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Another side -effect is seizure, which was reported to
have occurred in thirteen percent of patients using r-Hulipo."
Mechanisms proposed were linked to the increased viscosi ty and
arterial pressure. The seizure rates, however, were not signifi-
cantly higher than the expected rate of convulsion for dialysis
patients.

Minor issues of concern with r-HuEpo are the effects of
decreased plasma volume and increased viscosity on a probable
deterioration of the remaining renal function. This has been
disproven by different studies conducted which concluded that
correcting the hematocrit does not cause rapid deterioration nor
hasten the-time that such patients will go on dialysis. 15.16

Another issue to consider is its effect on vascular clotting.
The loss of vascular access to fistula or graft in dialysis patients
during r-HuEpo therapy due to thrombosis was studied. They
found out an access failure rate of 0.3 events per patient year
where r-HuEpo therapy was in use." This was compared with a
rate of 0 .5 failure events per patient year for dialysis patients not
receiving r-HuEpo. These figures suggest no increase in access
vessel clotting during r-HuEpo therapy.

A mathematical model developed by Shinaberger, et.
al., predicted that r-HuEpo therapy would cause problems with
dialyzer efficiency. The model suggested that raising the
hematocrit would reduced dialyzer clearance of potassium and
phosphate, and that the increase in blood viscosity would
reduce ultrafiltration, perhaps leading to organ ischemia and
thrombosis. IS A study by Muirhead, et. al., reported no
significant changes in dialysis efficiency during r-HuEpo
therapy. Analysis of the study's results revealed that following
the introduction of r-HuEpo, no changes occurred in blood flow
rate or dialysis flow rate or dialysis time. No significant changes
in the clearance of urea, creatinine, phosphate or potassium were
found. As the patient's well-being improves, dietary intake
should be monitored to maintain appropriate electrolyte con-
centrations.

Treatment with r-HuEpo now becomes the standard
therapy of anemia in CRF patients. Its early use in treating
anemia associated with renal failure will result in more fully
rehabilitated patients who will be spared not only from the
symptoms of chronic severe anemia but also the adverse effect
of multiple transfusions.
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