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Acronyms and Abbreviations

Abbreviation Term
AIDS acquired immune deficiency syndrome
BSA body surface area
CAPD continuous ambulatory peritoneal dialysis
CBC complete blood count
CKD chronic kidney disease
CRF chronic renal failure
EPO erythropoietin
ESRD end-stage renal disease
FDA Food and Drug Administration
Fe iron
GFR glomerular filtration rate
HCFA Health Care Financing Administration
Hct hematocrit
Hgb hemoglobin
IP intraperitoneal
IV intravenous
LVH left ventricular hypertrophy
PD peritoneal dialysis
PET positron-emission tomography
PMMA polymethylmethacrylate
PTFE polytetrafluoroethylene
RBC red blood cell
SC subcutaneous
SLE systemic lupus erythematosus
TIBC total iron binding capacity
TSAT transferrin saturation
USRDS United States Renal Data System
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Introduction

ANORMOCYTIC, normochromic anemia is
present in the majority of patients who

have a reduction in kidney function.3 The same
pathophysiology underlies this anemia in all such
patients. In these guidelines, the term “chronic
kidney disease” (CKD) is used to describe pa-
tients with chronically reduced kidney function,
including those with chronic allograft dysfunc-
tion, and those in kidney failure who are dialysis
dependent (administratively termed ESRD).
When untreated, the anemia of CKD is associ-
ated with a number of physiologic abnormalities,
including decreased tissue oxygen delivery and
utilization,4-8 increased cardiac output, cardiac
enlargement, ventricular hypertrophy, angina,
congestive heart failure,9-14 decreased cognition
and mental acuity,15 altered menstrual cycles,16-18

decreased nocturnal penile tumescence,19 and
impaired immune responsiveness.20,21 In addi-
tion, anemia may play a role in growth retarda-
tion and decreased intellectual performance in
pediatric patients.22,23 These abnormalities re-
duce quality of life24 and opportunities for reha-
bilitation of CKD patients and decrease patient
survival.25

The primary cause of anemia in patients with
CKD is insufficient production of erythropoietin
(EPO) by the diseased kidneys.26 Additional fac-
tors which may cause or contribute to the anemia
include: iron deficiency,27 either related to or
independent of blood loss from repeated labora-
tory testing, needle punctures, blood retention in
the dialyzer and tubing, or gastrointestinal bleed-
ing; severe hyperparathyroidism28; acute and
chronic inflammatory conditions29; aluminum
toxicity30; folate deficiency31; shortened red blood
cell survival32; hypothyroidism33; and hemoglo-
binopathies such as �-thalassemia.33 These poten-
tial contributing factors, if relevant, should be
considered and addressed.

Recombinant human erythropoietin (rHuEPO)
has been used in the treatment of the anemia of
CKD since 1986.34,35 This recombinant hormone
has been referred to by several names, including
rHuEPO, EPO, Epoetin, Epoetin alfa, Epoetin
beta, and erythropoietin. Epoetin alfa (manufac-

tured by Amgen Inc, Thousand Oaks, CA; distrib-
uted in the United States as Epogen by Amgen,
Inc, and as Procrit by Ortho Biotech, Johnson &
Johnson) is the only approved recombinant hu-
man erythropoietin (rHuEPO) product available
in the United States. In addition to Epoetin alfa,
Epoetin beta, another rHuEPO product with simi-
lar pharmacologic effects, is available in other
countries but not the United States. Clinical trials
with both Epoetin alfa and Epoetin beta have
been performed within and outside of the United
States, and the clinical response to both has been
similar. These guidelines for the management of
anemia are based upon available literature for
both products. Since these guidelines may be
used outside as well as within the United States,
the term “Epoetin,” when used throughout the
guidelines, should be assumed to apply to both
Epoetin alfa and beta. Situations that apply only
to Epoetin alfa are clearly indicated.

A new erythropoietin-like molecule, called
NESP, or novel erythropoietic stimulating pro-
tein (manufactured by Amgen, Inc), is being
used in clinical trials and as of July 2000 is being
reviewed by the FDA. NESP is a glycoprotein
similar to erythropoietin, but has 5 additional
amino acids in its primary sequence and two
extra N-linked carbohydrate side chains, giving
it a longer plasma half-life. There have been no
peer-reviewed clinical studies published about
this molecularly engineered hormone prior to
January 2000 when the structured literature re-
view of this update was closed.

Iron is also essential for hemoglobin forma-
tion. The iron status of the patient with CKD
must be assessed and adequate iron stores should
be available before Epoetin therapy is initiated.
Iron supplementation usually is essential to as-
sure an adequate response to Epoetin in patients
with CKD because the demands for iron by the
erythroid marrow frequently exceed the amount
of iron that is immediately available for erythro-
poiesis (as measured by percent transferrin satu-
ration) as well as iron stores (as measured by
serum ferritin). In most cases, intravenous iron
will be required to achieve and/or maintain ad-
equate iron stores. In the United States as of July
1999, the commercially available intravenous
iron preparations consist of iron dextran, manu-
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factured as INFeD by Watson Pharmaceutical,
Inc, Nephrology Division (formerly Schein Phar-
maceutical, Inc.) and as Dexferrum by American
Regent Laboratories Inc and sodium ferric glu-
conate complex in sucrose (referred to in this text
as iron gluconate), manufactured as Ferrlecit by
R & D Laboratories and marketed by Watson
Pharmaceutical, Inc, Nephrology Division (for-
merly Schein Pharmaceutical, Inc.). An addi-
tional intravenous iron preparation, iron sucrose
(Venofer, manufactured by American Regent Lab-
oratories, Inc), was approved by the FDA in
November 2000. The molecular weights of the
two iron dextran compounds differ, and they will
be considered different compounds.

Effective treatment of the anemia of CKD
improves survival,36 decreases morbidity,37,38 and
increases quality of life.24,39 These 27 clinical
practice guidelines, which cover the diagnosis,
work-up, and management of the anemia of
CKD, as well as possible sequelae related to its
therapy, provide information that will help care-
givers accomplish these goals. Unless otherwise
specified, these guidelines, and their rationales,
apply to all age groups.

The potential impact of these guidelines on
aggregate use of Epoetin is unknown. For ex-
ample, these guidelines recommend a higher
target Hgb/Hct than is used in current practice
and than has been recommended on the basis of
an evaluation of evidence performed by Cana-
dian nephrologists.40 All other things being equal,
this recommendation would increase the amount
of Epoetin required. On the other hand, the
guidelines also have recommended maintenance

of iron stores for the support of erythropoiesis
that are greater than those maintained in current
practice. This recommendation should produce
an Epoetin-sparing effect. In addition, the guide-
lines recommend that Epoetin be administered
by the subcutaneous (SC) route to most patients.
This should provide an improved Hgb/Hct re-
sponse for the same Epoetin dose, again produc-
ing an Epoetin-sparing effect. The likely net
impact of these different effects is difficult to
predict.

Some of the practices recommended in these
guidelines are at variance with current policy of
the Health Care Financing Administration
(HCFA) and with information contained in the
package inserts for Epoetin (Guideline 25) and
iron dextran (Guideline 9). In these instances, the
Anemia Work Group believes there is sufficient
published scientific data to justify its recommen-
dations. In most circumstances, recommenda-
tions contained in this document are based on
evidence from the medical literature.

When recommendations are based on evi-
dence, a rationale and supporting literature refer-
ences are indicated. When recommendations are
based on opinion in the absence of published
evidence, the rationales for the recommendations
are described. In some instances, however, recom-
mendations are based in whole or in part on the
opinion of the Work Group members. The eviden-
tiary basis (published evidence, opinion, or both)
for all recommendations is clearly indicated,
along with the rationale (chain of reasoning) for
each recommendation.
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I. Anemia Work-Up

GUIDELINE 1

When to Initiate the Work-Up of Anemia

An anemia work-up should be initiated in
patients with chronic kidney disease (CKD) when
the:

● Hgb �11g/dL (Hct is �33%) in pre-meno-
pausal females and pre-pubertal patients
(Evidence)

● Hgb �12g/dL (Hct is �37%) in adult males
and post-menopausal females (Evidence)

Rationale Anemia is defined in terms of the
Hgb or Hct concentration. In this guideline, we
recommend that a work-up of anemia be initiated
when the Hgb/ Hct level declines to approxi-
mately 80% of the mean level for defined healthy,
normal subgroups (see Table IV-1: eg, in fe-
males, 80% of Hct 41 � Hct 33; in males, 80%
of Hct 47 � Hct 37). Differences in average
Hgb/Hct levels between adult men and women
are likely due to differences in estrogen and
testosterone production that emerge at puberty,
but subside after menopause. Anemia is likely to
be present in individuals when Hgb/ Hct concen-
trations are below these levels. However, the
mean Hgb/ Hct in the general population is only
a statistical benchmark and may not be the best
indication of anemia in every individual. For
example, there is a 75% likelihood of anemia in
an adult female with a Hct of 34% or a Hgb of 11
g/dL, or in a male with a Hct of 39% or a Hgb of
12.5 g/dL. Moreover, many individuals have
Hgb/Hct concentrations which are physiologi-
cally normal for them, but which would be
defined as anemia in terms of the general popula-
tion data. Others have a Hgb/Hct level that may
be physiologically inadequate for them (eg, pa-
tients with chronic obstructive pulmonary dis-
ease), even though it falls within the range con-
sidered normal for the general population.

In hemodialysis patients, blood samples to
document and monitor anemia should be ob-
tained prior to or immediately upon initiation of
the dialysis procedure (predialysis). While a Hgb/
Hct obtained at the end of the dialysis procedure
(postdialysis) may relate better to a patient’s
estimated dry weight, experience and data re-
ported in the literature universally refer to predi-
alysis Hct and Hgb levels; hence the need to

relate these guidelines to predialysis blood
samples.

An automated cell counter should be used to
determine RBC indices, Hct, and Hgb because
the results are more easily standardized. Auto-
mated cell counters also have the advantage of
providing a total white blood cell count and,
often, a platelet count.

Outside of the United States, Hgb, rather than
Hct, is used to quantify the level of anemia in
patients with CKD. There are several reasons
why Hgb is a more accurate, and hence better
measure of anemia than is Hct. First, whereas
Hgb is stable when a blood sample is stored at
room temperature, Hct is not. Specifically, MCV
(from which Hct is calculated: MCV � erythro-
cyte count � Hct) is stable at room temperature
for only 8 hours and is stable for only 24 hours
when a blood sample is refrigerated.41 When a
blood sample is stored for longer periods of time,
MCV increases, resulting in increases in calcu-
lated Hct by as much as 2% to 4%.42 In contrast,
Hgb remains unchanged when a blood sample is
stored for the same amount of time under the
same conditions.42 The sensitivity of Hct to blood
sample storage conditions is particularly impor-
tant in light of increased consolidation in the
dialysis industry in the United States and the
resulting tendency for dialysis centers that com-
prise a given dialysis chain to ship blood samples
over variable distances, under poorly controlled
conditions, to centralized laboratories.

A second reason why Hgb is a more accurate
measure than Hct is that in the presence of
hyperglycemia, MCV (but not Hgb) is falsely
elevated, resulting in a false elevation of calcu-
lated Hct.43,44 Finally, there is greater variability
across automated analyzers in estimation of the
number and size of erythrocytes that are in a
blood sample (and hence in calculation of Hct)
than there is in measurement of Hgb.45 Data
comparing the within-run and between-run coef-
ficient of variation (CV) in automated analyzer
measurements have shown that these CVs for
measurement of Hgb are one half and one third
those for Hct, respectively.46

For all these reasons, Hgb is a better measure
to use to monitor and manage anemia in patients
with CKD than is Hct, particularly given the
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growing tendency for dialysis centers to send
blood samples to outside laboratories, rather than
measuring Hgb or Hct in-house. In addition, use
of hemoglobin will allow better comparison of
anemia management between countries, since
most other countries use measurement of hemo-
globin as the standard. Therefore, the Anemia
Work Group strongly urges that hemoglobin be
the primary means of quantifying the level of
anemia in patients with CKD.

GUIDELINE 2

Anemia Evaluation
A. Evaluation of anemia should consist of mea-

surement of at least the following: (Evi-
dence)

● Hemoglobin (Hgb) and/or Hematocrit (Hct)
● Red blood cell (RBC) indices
● Reticulocyte count
● Iron parameters:

—Serum iron
—Total Iron Binding Capacity (TIBC)
—Percent transferrin saturation (serum iron �

100 divided by TIBC) [TSAT]
—Serum ferritin

● A test for occult blood in stool
● B. This work-up should be performed before

Epoetin therapy is begun. (Opinion)
Rationale The red blood cell indices, reticulo-

cyte count (an index of new red blood cell
formation), and iron parameters are helpful to
detect the cause of many anemias which are not
due to EPO deficiency.48 The anemia of CKD is
generally normocytic and normochromic. Micro-
cytosis may reflect iron deficiency, aluminum

excess, or certain hemoglobinopathies; macrocy-
tosis may be associated with vitamin B12 or
folate deficiency. Macrocytosis can also be asso-
ciated with iron excess49 and/or Epoetin therapy
that shifts immature, larger reticulocytes into
circulation. An elevated reticulocyte count (cor-
rected for the degree of anemia) suggests that
active hemolysis may be present, such as in acute
renal failure due to the hemolytic uremic syn-
drome. An abnormal white blood cell count and/or
platelet count may reflect a more generalized
disturbance of bone marrow function, such as
that due to malignancy or vasculitis.

Iron is critical for Hgb synthesis. Conse-
quently, patients should be carefully evaluated
for the availability of iron, by measuring the
serum iron and the TIBC. The serum iron and the
percent TSAT reflect the amount of iron immedi-
ately available for hemoglobin synthesis. The
serum ferritin reflects total body iron stores. A
low level of either of these indices may indicate
the need for supplemental iron to support eryth-
ropoiesis. Iron deficiency has been shown to be
present in as many as 25% to 37.5% of patients
presenting with the anemia of CKD50,51 and, if
treated, can at least temporarily improve or cor-
rect the anemia52 (Endnote a). Absolute iron
deficiency in the general population is indicated
by a TSAT of less than 16%53 and/or a serum
ferritin value of less than 12 ng/mL.54 However,
higher values of TSAT and serum ferritin may be
necessary to achieve an erythropoietic response
prior to initiation of Epoetin therapy (Endnote a)
and higher values for these parameters will be
required to support accelerated erythropoiesis
stimulated by pharmacological administration of
Epoetin (see Guideline 6: Target Iron Level). The
presence of iron deficiency requires a search for
the cause, which is usually blood loss. A stool
guaiac test for occult blood is recommended to
test for gastrointestinal bleeding in patients with
iron deficiency. Another test for early iron defi-
ciency is an increase in the number of hypochro-
mic red blood cells determined by certain auto-
analyzers, ie, Technicon H-1, H-2, and H-3
Autoanalyzers (Bayer Diagnostics). A hypochro-
mic red blood cell is defined as an individual cell
with an Hgb concentration of �28 g/dL. Nor-
mally, less than 2.5% of red blood cells are
hypochromic. Although the autoanalyzer used to

Table IV-1. Mean Normal Values of Hemoglobin and
Hematocrit for the Healthy, Normal Population47

Age/Gender
Hemoglobin

(g/dL)
Hematocrit

(%)

Birth 16.5 � 3.0 51 � 9
1 month 14.0 � 4.0 43 � 6
2 to 6 months 11.5 � 2.5 35 � 7
6 months to 2 years 12.0 � 1.5 36 � 3
2 to 6 years 12.5 � 1.0 37 � 3
6 to 12 years 13.5 � 2.0 40 � 5
12 to 18 years (male) 14.5 � 1.5 43 � 6
Menstruating female 14.0 � 2.0 41 � 5
Adult male/post-menopausal

female
15.5 � 2.0 47 � 6
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perform this test is available in Europe,55,56 it is
not readily available in the United States at this
time. Because of the limited availability of these
autoanalyzers in the United States, this test has
not been included as part of the guideline. How-
ever, if such technology becomes routinely avail-
able in the United States, this test should be
considered in the work-up of the anemia of
CKD, particularly since Epoetin therapy may
increase the likelihood of functional iron defi-
ciency.

In CKD patients without iron deficiency, it is
prudent to screen for common causes of anemia
other than EPO deficiency (see Guideline 3:
Erythropoietin Deficiency). Correcting an easily
reversible cause of anemia makes both clinical
and economic sense. An example is hypothyroid-
ism, which is common in the general population,

and can cause a normochromic, normocytic ane-
mia that can mimic the anemia due to EPO
deficiency.33 If a reversible cause of anemia is
not present or has been corrected, and EPO
deficiency is the likely primary cause of the
anemia, then anemia should be treated with Epo-
etin to improve patient quality of life,24 to im-
prove the various physiological abnormalities
associated with anemia, to decrease morbidity,37

to decrease hospitalization,57 and to improve
patient survival.36

GUIDELINE 3

Erythropoietin Deficiency

If no cause for anemia other than CKD is
detected, based on the work-up outlined in Guide-
line 2: Anemia Evaluation, and the serum creati-

Fig IV-1. Anemia work-up
for CKD patients. Asterisk in-
dicates that laboratory val-
ues are consistent with un-
complicated iron deficiency.
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nine is �2 mg/dL, anemia is most likely due to
EPO deficiency. Measurement of serum EPO
levels usually is not indicated. Fig IV-1 provides
a guideline for the work-up of anemia in patients
with a serum creatinine �2 mg/dL, and for those
occasional patients with a lower serum creatinine
and impaired kidney function who have a normo-
cytic, normochromic anemia. (Evidence)

Rationale As kidney function declines, the
likelihood of anemia associated with EPO defi-
ciency increases because the diseased kidneys
are unable to produce sufficient quantities of
EPO. Anemia can develop relatively early in the
course of CKD, however, and has been associ-
ated with a serum creatinine as low as 2.0 mg/
dL,58 and occasionally even lower, particularly
in individuals with a reduced muscle mass. On
the other hand, there is a wide range of Hgb/Hct
levels for any degree of kidney dysfunction. Two
studies have found a linear relationship between
Hct and creatinine clearance in pediatric pa-
tients. A linear relationship between GFR and
Hct was observed in 48 pediatric patients in one
study,59 and in 31 CKD pediatric patients in
another study when the GFR was estimated from

the serum creatinine.60 In these two studies,
significant anemia was noted when the GFR was
less than 20 and 35 mL/min/1.73 m2, respec-
tively.

The anemia of CKD should not be confused
with the anemia of chronic disease. In the latter,
inflammatory cytokines suppress the endoge-
nous production of EPO and erythropoiesis di-
rectly.61,62 Measurable levels of circulating cyto-
kines may be found in stable dialysis patients,
but, in the absence of inflammation, do not
appear to adversely affect the action of Epo-
etin63,64 (see Guideline 20: Causes for Inadequate
Response to Epoetin).

In patients with non-renal anemia, serum EPO
levels are usually elevated in an effort to compen-
sate for the anemia. In patients with impaired
kidney function and a normochromic, normo-
cytic anemia, it is rare for the serum EPO level to
be elevated. Therefore, measurement of EPO
levels in such patients is not likely to guide
clinical decision-making or Epoetin therapy.

Figure IV-1 suggests an approach for evaluat-
ing anemia in CKD patients who do not have
gastrointestinal bleeding.
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II. Target Hemoglobin/Hematocrit

BACKGROUND

The initial patient experience with Epoetin
came in a Phase I-II clinical trial in hemodialysis
patients with the anemia of CKD. The target
maintenance Hct for these patients was 35% to
40%, ie, at the lower range of normal.35 When
investigators met to design the Phase III multi-
center clinical trial, hematologists argued that the
target Hct should be a normal Hct, while neph-
rologists proposed a lower level. A compromise
target Hct of 35% was used in the trial. The final
Hct levels for the more than 300 patients treated
with Epoetin in the Phase III trial ranged from
33% to 38%. The results of this study,65 together
with those of the Phase I-II clinical trial, were
submitted to the FDA. The FDA approved Epo-
etin therapy in June, 1989, but the target Hct
range recommended by the FDA was only 30%
to 33%, for reasons that have never been clear.
The FDA recommendation is probably respon-
sible for the previously held belief that a target
Hct of 30% to 33% is medically appropriate. In
spite of the FDA’s decision in June 1994 to
widen the target hematocrit range to 30% to
36%, the USRDS data derived from practice in
1993 (United States Renal Data System 1996
Annual Data Report)66 showed that the mean Hct
for Epoetin-treated dialysis patients in the United
States was still in the lower end of this target
range (30.2%), with 43% of patients having Hct
values �30%. By the end of 1997 the mean Hct
increased to 32.4% (USRDS 1999 Annual Data
Report).67

Most of the initial physiologic and quality of
life studies of anemic predialysis and dialysis
patients treated with Epoetin in the United States
had target Hct values of �36%. Virtually all
studies have shown that, with increased Hct,
there is marked improvement in various physi-
ologic measures—oxygen utilization [VO2]4-8;
muscle strength and function68; cognitive and
brain electrophysiological function15; cardiac
function9,12-14,69,70; sexual function18; or quality
of life.24 While two reports have cautioned that a
target Hct greater than 30% could result in clot-
ting of various arteries, as well as underdialy-
sis,71,72 these predictions have failed to material-
ize or be substantiated. Two other groups of
investigators reported that there were no differ-

ences in various physiologic and quality of life
measures between hemodialysis patients with
Hct (or Hgb) levels of 30% (9 to 10 g/dL) versus
36% (11 to 12 g/dL).73-75 However, a re-examina-
tion of these data allows for a different conclu-
sion: the data are difficult to interpret in one
study, and some physiological parameters were
better at the higher Hgb/Hct in the other study
(Endnote b). The authors of one of these studies
have recently completed various physiological
and quality of life studies in a small number of
hemodialysis patients and have clearly shown
that a normal Hgb (14 g/dL) is superior to a Hgb
of 10 g/dL.76-79

Since 1989, when the FDA established its
guidelines for the target Hct, and the Health Care
Financing Administration (HCFA) established a
policy under which it would not reimburse dialy-
sis centers for the use of Epoetin when the Hct
was above 36%, there have been few studies
published in the United States which examine
whether a Hct higher than 36% is more beneficial
than a Hct of 30% in dialysis patients. While
there are many studies that have shown the
benefits of Hct values �36%, in most cases the
comparison was made to outcomes of patients
with an Hct level of �25% (see above). In order
to formulate our recommendations regarding the
target Hgb/Hct, the Anemia Work Group re-
viewed only peer-reviewed studies that com-
pared baseline Hgb/Hct levels of 10 to 11 g/dL/
30% to 33% (which is the current target level in
the United States and most other countries) to
higher values. Review of the literature which
involved predialysis and dialysis patients within
and outside the United States showed that, com-
pared to higher Hgb/Hct values, Hgb/Hct values
11 g/dL/�33% are associated with increased
morbidity and mortality. In addition, a number of
recent United States and non-United States stud-
ies reported in abstracts indicate that patients
with CKD function better at Hct levels that are
near normal or normal and that improvement is
continuous as the Hgb/Hct increases above 10
g/dL/30% to normal levels. The only exception
to this has been a study sponsored by Amgen that
involved more than 1,200 hemodialysis patients
with documented heart disease. This study was
discontinued when it appeared that those patients
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randomized to a target Hct in the normal range
(42% � 3%) were experiencing a greater inci-
dence (30%, with a confidence interval of 0.9 to
1.9) of non-fatal myocardial infarctions or death
than did the control group randomized to a target
Hct of 30% � 3%.80 The difference was not
statistically significant at the time the study was
terminated, however. Additional studies are
needed to clarify the relationship between Hgb/
Hct and outcomes in CKD patients, particularly
those with heart disease. Such studies should be
designed to determine the highest Hgb/Hct that
provides incremental benefits without serious
side effects. Several multicenter studies address-
ing this question are in progress outside the
United States. A study determining whether the
“prevention” of anemia and its associated ad-
verse effects could also be of value, since one of
the aims of treating anemia is to prevent or retard
the development of heart disease.

GUIDELINE 4

Target Hemoglobin/Hematocrit for
Epoetin Therapy

The target range for hemoglobin (hematocrit)
should be Hgb 11 g/dL (33%) to Hgb 12 g/dL
(36%). (Evidence) This target is for Epoetin
therapy and is not an indication for blood transfu-
sion therapy. (Opinion)

Rationale A Hgb of 11 g/dL (Hct 33%) is at
the lower limit of the normal range for pre-
menopausal females and pre-pubertal patients; a
Hgb of 12 g/dL (Hct 36%) is just below the lower
limit of the normal range for adult males and
post-menopausal females (see Guideline 1: When
to Initiate the Work-up of Anemia). Because the
anemia literature in CKD patients does not distin-
guish between sexes, subsequent Hgb/Hct levels
will apply to both males and females.

There are several pieces of evidence suggest-
ing that patient outcomes are worse when the
Hgb is �10 g/dL (Hct �30%):

1. Survival of dialysis patients declines as the
Hct decreases below a range of 30% to 33%.25,81

Survival was also shorter in dialysis patients
with chronic glomerulonephritis whose mean
Hgb level was 9.9 g/dL, compared to patients
with polycystic kidney disease whose mean Hgb
level was 11.3 g/dL.82 Whereas one study failed
to note any improved survival at a Hgb �11 g/dL

compared to an Hgb 10 to 11 g/dL,83 several
other reports have shown improved survival at
higher Hgb/Hct levels. Survival was improved in
Italian hemodialysis patients when the Hct ex-
ceeded 32%, either spontaneously or following
Epoetin therapy, when compared to Hct �32%,84

and in the United States an Hct of 33% to 36%
reduced the risk of death from any cause by 10%
when compared to patients whose mean Hct was
30% to 33%.85 Survival has been noted in one
study to be better in patients with cardiac disease
who attained and maintained a normal Hct com-
pared to similar patients who did not attain and
maintain a normal Hct.80 In fact, within both the
normal Hct group and the control group, the
mortality decreased at higher Hct levels.80 In
those 200 patients who achieved and maintained
a normal Hct for 6 months, mortality decreased
to approximately 15% per year, versus 40% per
year in those maintained at an Hct of 30%. There
were no convincing factors that appeared to
explain why those patients that did not achieve
and stabilize at a normal Hct had a greater
incidence of non-fatal myocardial infarctions or
death than did the control group.80

2. Left ventricular hypertrophy (LVH) is more
likely in CKD patients with anemia (Hct
�33%)86-88 and in patients with ESRD89; in such
patients the risk of death is increased 2.9-fold
(Endnote c).90 Partial correction of anemia (Hgb
6.3 � 0.8 to 11.4 � 1.5 g/dL) with Epoetin
resulted in partial regression of LVH in dialysis-
dependent patients.91 Angina was significantly
decreased in patients with progressive CKD when
Epoetin therapy increased the Hct to 31% � 4%
versus 23% � 4%.92

3. Quality of life either is not improved, or
improved only slightly, when the Hgb/Hct is
increased from 8 g/dL/25% to a level no higher
than 9 to 10 g/dL/28% to 30%.93-95 However,
quality of life of dialysis patients, as assessed by
standardized patient questionnaires, increases as
the Hgb/Hct increases above 10 to �12 g/dL and
30% to �36%.96-98 When the results of the Am-
gen Phase III (mean Hct 35%) and Phase IV
(mean Hct 30%) studies were compared, it was
concluded that patients with Hct levels of 35%
had better quality of life as measured by Karnof-
sky scores than those maintained at a Hct of
30%.99 Both quality of life and various physiolog-
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ical parameters in predialysis patients have been
shown to be significantly better at a Hct of 36%
to 39% than at 27% to 29%.100-107

4. In hemodialysis patients, exercise capacity
(VO2) increased when the Hct increased from
30% to 35% to 40%.108

5. In hemodialysis patients, the incidence of
hospitalization was lower when the Hct was 33%
to 36% in comparison to patients with lower Hct
values.109

6. There are a number of studies in dialysis
patients (reported initially only in abstracts) that
indicate that quality of life, maximum exercise
capacity, number of meters walked in 6 minutes,
cardiac output, cognitive function, amino acid
levels, sleep dysfunction with daytime sleepi-
ness, insulin resistance with hyperlipidemia, and
survival improved when a normal Hct was
achieved,76-78,110-118 and that there were no ad-
verse effects observed at a normal Hct.110,111

Several of these studies have now been pub-
lished in peer review journals, and demonstrate
that a normal Hgb/Hct is associated with better
physical performance,79 better cognitive func-
tion,119 improved brain oxygen supply,120 and
improved sleep patterns121 compared to lower
Hgb/Hct levels.

Studies in patients with anemia due to condi-
tions other than CKD also indicate that an Hct of
�30% is harmful. Patients undergoing periph-
eral vascular surgery had more cardiac ischemia
when their Hct decreased from 39% to 27% to
30% compared to others whose Hct decreased
only to 32%.122 Patients with lupus nephritis
have increased mortality, unrelated to kidney
dysfunction, as Hgb decreases to below 11
g/dL.123 Patients with anemia related to cancer
have improved quality of life when Hct is in-
creased from 29% to �35% with Epoetin.124

Finally, an Hgb �10 g/dL increases prematurity
rates to almost twice normal in otherwise healthy
pregnant women.125 Since anemia is treated in
these conditions to improve patient well-being
and survival, patients with CKD should not be
deprived of the same therapeutic goal.

Despite this plethora of data, there has been
much controversy as to what Hgb/Hct is best in
CKD patients. Prior to the availability of Epo-
etin, evidence was provided that, during neurosur-
gical procedures, relative oxygen transport capac-

ity for the human brain was optimal at an Hct of
30% to 33%, as achieved by hemodilution (usu-
ally phlebotomy combined with dextran infu-
sion).126 This was based on in vitro hemodilution
studies involving blood flow through glass capil-
laries.127 This long-standing belief among anes-
thesiologists, neurologists, and neurosurgeons
was supported by data showing that hemodilu-
tion increased cerebral blood flow. This belief
has been challenged by more recent studies,
which indicate that, while there is an inverse
relationship between Hct and cerebral blood flow,
there is a linear relationship between Hct and
oxygen delivery to brain tissue, with the maxi-
mal level of oxygen delivery occurring within an
Hct range of 40% to 45% (Endnote d).128 There
also was concern during the early experience
with Epoetin about possible adverse effects when
the Hct was increased above 30%. These adverse
effects are not, in fact, seen today, except for an
increase in the need for antihypertensive medica-
tions in 23% of patients with CKD, whose blood
pressure can be controlled with appropriate clini-
cal care (see Guideline 24: Possible Adverse
Effects Related to Epoetin Therapy: Hyperten-
sion). Two studies of small numbers of un-
selected dialysis patients found no adverse ef-
fects when target Hct was increased to a mean of
38.3%110 and 42%.111 Hypertension was no more
frequent in those cardiac patients who attained a
normal Hct than patients maintained at an Hct of
30.4%.129 In a large multicenter study of 1,200
hemodialysis patients with documented cardiac
disease (congestive heart failure or ischemic heart
disease), hypertension was no more frequent at a
normal Hct (42% � 3%) than at an Hct of 30%
� 3%.80 There was no association between ad-
verse outcomes and either (a) the average Hct
during the study or (b) the Epoetin dose adminis-
tered. No conclusions can be drawn from the
results of this trial with regard to CKD patients
who do not have heart disease (as defined in the
Amgen study).

The only published investigation relating Epo-
etin therapy to increased cardiovascular disease
is from Okinawa, Japan.130 The authors reported
that the annual incidence of stroke and acute
myocardial infarction increased following the
use of Epoetin in CKD patients (Endnote e).
However, these findings differ from recent Euro-
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pean data, in which cardiovascular morbidity
and mortality were decreased by 15% to 20%
after 2 years of Epoetin therapy in CKD pa-
tients.36

Clinicians should bear in mind that approxi-
mately 5% of hemodialysis patients attain an Hct
�40%131 without receiving Epoetin. In addition,
some Epoetin-treated patients may have a spon-
taneous increase in Hct to above 36% after
Epoetin therapy has been discontinued. There
have been no published reports of an increased
incidence of deaths and/or non-fatal myocar-
dial infarctions in such patients. In view of
recent abstracts76-78,111-118 and peer-reviewed
articles79,119,120,122 showing beneficial effects
from raising the Hgb/Hct to normal, it is pos-
sible that a target Hgb/Hct higher than what
the Anemia Work Group recommends now
may ultimately prove to be appropriate.

In summary, based on currently available data,

the Anemia Work Group recommends that the
Hgb/Hct be maintained between 11 and 12 g/dL
(33% and 36%). In striving to maintain the
Hgb/Hct within this target range, the Hgb/Hct
will likely rise above this range. The reasons
why some patients will temporarily exceed an
Hgb/Hct of 12 g/dL (36%) is that the response to
Epoetin varies amongst patients, the interplay
between IV iron supplementation and epoetin
dosing may be unpredictable, and it is impossible
for the bell-shaped distribution of Hgb/Hct for
all patients be limited to between 11 and 12 g/dL
or 33% and 36%, respectively. As of January
2000, HCFA will continue to provide reimburse-
ment for the cost of Epoetin alfa even if the
Hgb/Hct temporarily rises above their target
range, as long as the rolling 3-month average
Hgb/Hct is �12.5 g/dL (37.5%). Medical justifi-
cation is needed for maintaining the Hgb (Hct)
above 12 g/dL (36%).
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III. Iron Support

BACKGROUND

Iron is essential for hemoglobin formation, as
is erythropoietin. Several important issues re-
lated to iron deficiency and its management in
the CKD patient, particularly in patients receiv-
ing Epoetin therapy should be considered:

1. Iron (blood) losses are high, particularly in
the hemodialysis patient.

2. Oral iron usually cannot maintain adequate
iron stores, particularly in the hemodialysis pa-
tient treated with Epoetin.

3. Epoetin, by stimulating erythropoiesis to
greater than normal levels, often leads to func-
tional iron deficiency.

4. Prevention of functional (and absolute) iron
deficiency by regular use of intravenous iron (ie,
small doses, weekly, to replace predicted blood
losses) improves erythropoiesis.

5. The serum iron, total iron binding capacity,
and serum ferritin are the best indicators of iron
available for erythropoiesis and iron stores, but
they do not provide absolute criteria for either
iron deficiency or iron overload.

These guidelines suggest that the regular use
of small doses of IV iron, particularly in the
hemodialysis patient, will prevent iron defi-
ciency and promote better erythropoiesis than
can oral iron therapy.

6. Prior to July 1999, the only IV iron prepara-
tion available in the United States was iron
dextran. The doses recommended for iron dex-
tran are detailed in these Guidelines. Since July
1999, iron gluconate and iron sucrose have be-
come available for IV use in the United States.
Since the amount of iron gluconate per vial
differs from that of iron dextran, the Work
Group recommends that the substitution of
iron gluconate for iron dextran would be 8
doses of 125 mg of iron gluconate (over 8 weeks
per quarter), or 8 doses of 62.5 mg of iron
gluconate over 8 weeks instead of 10 doses of 50
mg of iron dextran over 10 weeks. Doses of iron
gluconate larger than 125 mg given at one time
are not recommended by the manufacturer,
whereas iron dextran can be given at one time at
doses of 250, 500, and/or 1,000 mg doses, if
indicated. Iron sucrose can be given in doses of
100 mg or less.

GUIDELINE 5

Assessment of Iron Status

Iron status should be monitored by the percent
transferrin saturation (TSAT) and the serum fer-
ritin. (Evidence)

GUIDELINE 6

Target Iron Level

A. CKD patients should have sufficient iron to
achieve and maintain an Hgb/Hct of 11 to 12
g/dL/33% to 36%. (Evidence)

B. To achieve and maintain this target Hgb/
Hct, sufficient iron should be administered to
maintain a TSAT of �20%, and a serum ferritin
level of �100 ng/mL (Evidence).

C. In hemodialysis patients in whom TSAT is
�20% and the serum ferritin is �100 ng/mL, yet
the Hgb/Hct is 11 g/dL/�33%, as well as in
patients requiring comparatively large doses of
Epoetin to maintain an Hgb/Hct of 11 to 12
g/dL/33% to 36%, the patient’s response to 1.0 g
of IV iron given over 8 to 10 weeks should be
observed. (Opinion) If in response to this course
of iron, there is no increase in Hgb/Hct and no
increase in serum ferritin and TSAT level, at the
same dose of Epoetin, a second course of IV iron
should be tried. (Opinion) If, in response to this
second course of IV iron, there still is no increase
in Hgb/Hct, but either the TSAT or serum ferritin
level increases, then the weekly dose of IV iron
should be reduced to the lowest amount required
to maintain the TSAT �20% and serum ferritin
at �100 ng/mL. (Opinion) If, on the other hand,
in response to either of these courses of IV iron,
there is an increase in Hgb/Hct at a constant dose
of Epoetin, or a stable Hct at a decreased dose of
Epoetin, then it is reasonable to administer 1.0 g
of iron IV over 8 to 10 weeks again in an effort to
achieve and maintain the Hgb/Hct at 11 to 12
g/dL/33% to 36%. (Opinion)

D. CKD patients are unlikely to respond with
a further increase in Hgb/Hct and/or a further
reduction in Epoetin dose required to maintain a
given Hgb/Hct if the TSAT increases to �50%
and/or the serum ferritin level increases to �800
ng/mL. (Evidence)
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GUIDELINE 7

Monitoring Iron Status

A. During the initiation of Epoetin therapy and
while increasing the Epoetin dose in order to
achieve an increase in Hgb/Hct, the TSAT and
the serum ferritin should be checked every month
in patients not receiving intravenous iron, and at
least once every 3 months in patients receiving
intravenous iron, until target Hgb/Hct is reached.
(Opinion)

B. Following attainment of the target Hgb/
Hct, TSAT and serum ferritin should be deter-
mined at least once every 3 months. (Opinion)

C. Intravenous iron therapy, if given in amounts
of 100 to 125 mg or less per week, does not need
to be interrupted in order to obtain accurate
measurements of iron parameters. (Evidence)

D. If individual doses of intravenous iron are
1,000 mg or larger, an interval of 2 weeks should
occur before accurate assessment of serum iron
parameters can be determined (Evidence). Accu-
rate assessment of iron parameters after intrave-
nous infusion of 200 to 500 mg of iron may
require an interval of 7 or more days (Opinion).

E. In CKD patients not treated with Epoetin
and whose TSAT is �20% and serum ferritin is
�100 ng/mL, the iron status should be moni-
tored every 3 to 6 months. (Opinion)

GUIDELINE 8

Administration of Supplemental Iron

A. Supplemental iron should be administered
to prevent iron deficiency and to maintain ad-
equate iron stores so that CKD patients can
achieve and maintain an Hgb 11 to 12 g/dL (Hct
33% to 36%) in conjunction with Epoetin therapy.
(Evidence)

B. If oral iron is given, it should be adminis-
tered at a daily dose of at least 200 mg of
elemental iron for adults and 2 to 3 mg/kg for
pediatric patients. (Evidence)

C. The adult CKD, home hemodialysis, and
peritoneal dialysis (PD) patient may not be able
to maintain adequate iron status with oral iron.
(Evidence) Therefore, 500 to 1,000 mg of iron
dextran may be administered IV in a single
infusion, and repeated as needed, after an initial
one-time test dose of 25 mg. As of January 2000,
it is not recommended to give these large doses
of iron gluconate as a single infusion. (Opinion)

D. A trial of oral iron is acceptable in the
hemodialysis patient (Opinion), but is unlikely
to maintain the TSAT �20%, serum ferritin
�100 ng/mL, and Hgb/Hct at 33% to 36%/11 to
12 g/dL. (Evidence)

E. To achieve and maintain an Hgb 11 to 12
g/dL (Hct of 33% to 36%), most hemodialysis
patients will require intravenous iron on a regu-
lar basis. (Evidence)

F. Intravenous iron can be given on a variety
of dosage schedules. If the TSAT is �20% and/or
the serum ferritin is �100 ng/mL, the Anemia
Work Group recommends that, in adults, 100 to
125 mg of iron be administered IV at every
hemodialysis for 10 to 8 doses, respectively.
(Opinion) If the TSAT remains �20% and/or the
serum ferritin �100 ng/mL, another course of IV
iron (100 to 125 mg per week for 10 to 8 weeks)
is recommended. Once the patient’s TSAT is
�20% and the serum ferritin is �100 ng/mL, the
Anemia Work Group recommends that 25 to 125
mg of iron be given IV once per week (see
Guideline 6: Target Iron Level). (Opinion) Sched-
ules for IV iron administration ranging from
three times per week to once every 2 weeks are
also reasonable in order to provide 250 to 1,000
mg of iron within 12 weeks. (Opinion)

G. Most patients will achieve an Hgb 11 to
12g/dL (Hct of 33% to 36%) with TSAT and
serum ferritin levels �50% and �800 ng/mL,
respectively. (Evidence) In patients in whom
TSAT is �50% and/or serum ferritin is �800
ng/mL, IV iron should be withheld for up to 3
months, at which time the iron parameters should
be re-measured before IV iron is resumed. (Opin-
ion) When the TSAT and serum ferritin have
fallen to �50% and �800 ng/mL, IV iron can be
resumed weekly at a dose reduced by one third to
one half. (Opinion)

H. It is anticipated that once optimal Hgb/Hct
and iron stores are achieved, the required mainte-
nance dose of IV iron may vary from 25 to 125
mg/week for hemodialysis patients. The goal is
to provide a weekly dose of IV iron in hemodialy-
sis patients that will allow the patient to maintain
the target Hgb/Hct at a safe and stable iron level.
The maintenance iron status should be monitored
by measuring the TSAT and serum ferritin no
less than every 3 months. (Opinion)

I. Oral iron is not indicated for the CKD
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patient who requires maintenance doses of IV
iron. (Opinion)

RATIONALE FOR GUIDELINES 5-8

Background

Effective erythropoiesis requires both iron and
erythropoietin. When CKD patients lack an ad-
equate supply of either one or both, anemia
results. Among United States ESRD patients
receiving Epoetin, more than 50% are iron defi-
cient, which probably accounts, at least in part,
for why the mean Hct among ESRD patients in
the United States in 1993 was 30.2%, with 43%
having a Hct �30% (Endnote f).66 To remedy
this problem, clinicians will need to address
three important issues regarding management of
iron in CKD patients:

1. Under what circumstances should a patient
receive supplemental iron?

2. How much iron should they receive?
3. How (by what route and according to what

dosing schedule) should they receive it?
The Iron Support section of these guidelines

(Guidelines 5-10) addresses how to ensure that
patients have sufficient iron to achieve and main-
tain a target Hgb 11 to 12 g/dL (Hct of 33% to
36%). The Administration of Epoetin section
(Guidelines 11-19) addresses how to ensure that
patients receive sufficient Epoetin to achieve and
maintain a target Hgb 11 to 12 g/dL (Hct of 33%
to 36%).

In formulating its recommendations regarding
these issues, the Anemia Work Group focused on
the following:

1. The iron needs and the importance of main-
taining adequate iron status in CKD patients

2. Assessment of iron status: the sensitivity
and specificity of the TSAT and serum ferritin in
detecting absolute and functional iron deficiency,
as well as iron overload

3. An analysis of the effectiveness of oral
versus IV iron

4. Administration of IV iron, and its potential
associated risks

5. Iron overload

Iron Needs in CKD Patients

Iron deficiency is common in CKD, particu-
larly in hemodialysis patients, for several rea-
sons, including substantial losses of blood from

frequent blood tests, blood remaining in the
dialysis tubing and dialyzer, and gastrointestinal
blood losses, that cannot be compensated for by
sufficient absorption of iron from the gastrointes-
tinal tract. Epoetin therapy increases the rate of
erythropoiesis and therefore the demand for iron,
which, when coupled with substantial blood
losses, compounds the difficulty of maintaining
adequate iron stores in hemodialysis patients.

Normal body iron stores are 800 to 1,200
mg.132 If the initial Hct is 25% and the target Hct
is 35%, the magnitude of supplemental iron
required by patients during the first 3 months of
Epoetin therapy is approximately 1,000 mg. Of
this, approximately 400 mg of iron are needed
simply to replace iron losses during 3 months of
hemodialysis (Endnote g). The other 600 mg of
iron are needed to support production of suffi-
cient numbers of red blood cells to achieve the
target Hgb/Hct (Endnote h). Once the target
Hgb/Hct is achieved, approximately 400 to 500
mg of supplemental iron will be needed every 3
months to replace iron losses and maintain ad-
equate iron stores.

In children, mean daily intestinal blood losses
(pre-dialysis) are 6 mL/m2 BSA. For pediatric
hemodialysis patients, mean daily GI blood losses
increase to 11 mL/m2, and dialysis-associated
blood losses are 8 mL/m2 per treatment. Cumula-
tive annual iron losses therefore approximate 1.6
g/1.73 m2 in pediatric hemodialysis patients, and
0.9 gm/1.73 m2 in predialysis pediatric patients
and probably in those on PD.133 Although there
are no data on the calculated iron needs in
pediatric patients on dialysis, the rationale for
iron supplementation is similar to that described
for adults.

Assessment of Iron Status

An ideal test of a CKD patient’s iron status
would accurately indicate whether the patient
has:

1. Sufficient amount of iron available to sup-
port achievement and maintenance of an Hgb 11
to 12 g/dL (Hct of 33% to 36%); and

2. An excessive amount of body iron.
Unfortunately, no test exists which accom-

plishes either of these goals and which is practi-
cal to administer (Endnote i).

Currently, the two best tests of iron status are
the percent TSAT and the serum ferritin. The
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percent TSAT (serum iron multiplied by 100 and
divided by total iron binding capacity [TIBC])
reflects iron that is readily available for erythro-
poiesis. The TIBC essentially measures circulat-
ing transferrin. The transferrin molecule contains
two binding sites for transporting iron from iron
storage sites to erythroid progenitor cells. A
TSAT of 50% indicates that half of the binding
sites are occupied by iron. Normally there is a
diurnal variation in the level of serum iron and,
thus, the TSAT. Since blood for these tests is
generally obtained at the same time of day in
relation to either clinic or dialysis visits, serial
measurements of TSAT typically are not affected
by this diurnal variation.

The distinction between absolute and func-
tional iron deficiency is crucial to understanding
what constitutes adequate TSAT and serum fer-
ritin levels in Epoetin-treated patients. In other-
wise healthy subjects, iron deficiency is consid-
ered “absolute” when iron stores are depleted, as
indicated by serum ferritin levels �12 ng/mL,54

and iron delivery to the erythroid marrow is
impaired, as evidenced by TSAT levels below
16%.53 Absolute iron deficiency in CKD patients
has been defined as serum ferritin levels �100
ng/mL and TSAT levels �20%. In contrast to
absolute iron deficiency, functional iron defi-
ciency results when there is a need for a greater
amount of iron to support hemoglobin synthesis
than can be released from iron stores (reticuloen-
dothelial cells). This situation, which can be
caused by pharmacological stimulation of eryth-
ropoiesis by Epoetin, can occur in the presence
of adequate iron stores. As a result, the percent
TSAT decreases to levels consistent with iron
deficiency despite a normal or elevated serum
ferritin.35,134-136 Patients with this condition do
not meet traditional laboratory criteria for abso-
lute iron deficiency, but may demonstrate an
increase in Hgb/Hct when IV iron is adminis-
tered.

A common clinical problem is distinguishing
between functional iron deficiency and an inflam-
matory iron block, since the TSAT may be �20%
and serum ferritin may be 100 to 700 ng/mL in
both situations (although the serum ferritin can
be even higher in the presence of inflammation).
In the former condition, serial levels of serum
ferritin decrease during Epoetin therapy, yet re-

main elevated (�100 ng/mL); in contrast, in the
latter condition, there is usually an abrupt in-
crease in serum ferritin associated with a sudden
drop in the TSAT. If it is not clear which of these
conditions exists, it is recommended that weekly
IV iron (50 to 125 mg) be given for up to 8 to 10
doses. If no erythropoietic response occurs, an
inflammatory block is most likely, and no further
IV iron should be given until the inflammatory
condition has resolved.

Transferrin Saturation Traditionally, a
TSAT of �20% in hemodialysis patients has
been considered to be indicative of iron defi-
ciency. However, several studies52,137-143 have
demonstrated that a TSAT of �20% versus �20%
is not an accurate discriminator between patients
who are or are not iron deficient. Although the
vast majority of patients who have a TSAT
�20% are iron deficient, there are some patients
who have a TSAT �20% who are able to achieve
a Hct of 33% to 36% and/or do not respond to
higher doses of iron (and TSAT levels) with
either an increase in Hct or maintenance of Hct
with a reduced dose of Epoetin. However, there
also are many patients who have a TSAT �20%
who are functionally iron deficient (ie, they re-
spond to higher doses of iron, and a correspond-
ing increase in their TSAT, with either an in-
crease in their Hct or maintenance of their Hct at
a reduced dose of Epoetin)52,137-143 (Endnote j).

Ferritin Whereas TSAT reflects iron that is
readily available for erythropoiesis, serum fer-
ritin reflects storage iron, ie, iron that is stored in
liver, spleen, and bone marrow reticuloendothe-
lial cells. As is the case with the TSAT, the serum
ferritin level is most accurate as a predictor of
iron deficiency or iron overload when it is ex-
tremely low or extremely high, respectively.

Just as serum ferritin is not perfectly sensitive,
it also is not perfectly specific. In part, this is due
to the fact that, in addition to reflecting body iron
stores, serum ferritin also is an acute phase
reactant. As such, it can increase in the setting of
either acute or chronic inflammation.

While no single value of TSAT or serum
ferritin accurately discriminates between CKD
patients who are or are not functionally iron
deficient, available data demonstrate that the
lower the TSAT and the serum ferritin, the higher
the likelihood that a patient is iron deficient, and
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the higher the TSAT and the serum ferritin, the
lower the likelihood that a patient is iron defi-
cient.139-146

Other tests of iron status, such as zinc protopor-
phyrin or RBC ferritin, are less widely available
and appear to offer no increase in diagnostic
sensitivity or specificity over serum ferritin and
TSAT.147 The percent of hypochromic red blood
cells does appear to be a sensitive and reliable
indicator for iron deficiency and has been shown
to be helpful in the diagnosis of functional iron
deficiency.55,56 Normally, there are less than 2.5%
of red blood cells with individual cell hemoglo-
bin levels of less than 28 g/dL. Values exceeding
10% are compatible with iron deficiency in the
Epoetin-treated patient. This measurement is pres-
ently performed as part of a routine full blood
count sample that requires a Technicon H-1, H-2,
or H-3 automated cell counter, which is special-
ized equipment (Bayer Diagnostics) available in
parts of Europe, but is presently not available in
most medical centers in the United States.

Several recommendations of a European Eryth-
ropoietin Symposium regarding iron supplemen-
tation (whether oral or IV) during Epoetin therapy
were as follows:

1. Serum ferritin should be maintained at
greater than 100 ng/mL. No upper limit was set.

2. Transferrin saturation should be maintained
at greater than 20%. Hypochromic red blood
cells should be maintained at less than 10%. Iron
status should be evaluated monthly initially, then
every 2 to 3 months.148

Use of Oral Versus Intravenous Iron

Inadequacy of Oral Iron in Hemodialysis
Patients A number of studies have docu-

mented the failure of oral iron supplements to
maintain adequate iron stores in Epoetin-treated
hemodialysis patients52,134,135,139,141,149-153 (Table
IV-2). Even though there may be temporary
improvement in the Hct with oral iron therapy,
blood (iron) losses exceed the absorption of iron
from oral supplements in most Epoetin-treated
hemodialysis patients and ultimately iron stores
decrease (as indicated by decreasing serum fer-
ritin levels; Table IV-2). Eventually, as negative
iron balance continues, iron stores decrease and
will become inadequate.

Although there is no evidence to suggest that
gastrointestinal iron absorption is impaired in
patients with kidney failure,154-156 even in non-
CKD individuals only a small fraction of oral
iron is absorbed. Consequently, 200 mg of el-
emental iron ingested daily usually cannot meet
the demands of Epoetin-induced increase in eryth-
ropoiesis and hemodialysis-associated blood
losses. Moreover, since oral iron absorption is
inversely correlated with body iron stores, it is
unlikely that even a greater amount of oral iron
would be absorbed when the serum ferritin level
exceeds approximately 200 ng/mL155,157 or the
transferrin saturation exceeds 20%158 levels that
are needed for optimal erythropoiesis. On the
other hand, iron absorption also correlates with
the degree of erythropoiesis, and can be in-
creased during Epoetin therapy.159,160 However,
in the latter study involving normal subjects,160

enhanced erythropoiesis was achieved with
amounts of Epoetin greater than those generally
given to patients with CKD.

Inadequate absorption of oral iron is exacer-
bated by the fact that patient compliance with
oral iron regimens is often poor due to one or

Table IV-2. Effects of Oral Iron Therapy in Hemodialysis Patients

Study
No. of

Patients
Elemental
Iron/Day

Duration
(mo) Hgb/Hct

Baseline/Follow-Up

Epoetin Dose%TSAT Ferritin

Kooistra et al151 19 105 10 22.8-32.8 25-24 447-265 75 U/Kg/wk
Dunea et al152 73 260 12 2-4,000 U/HD

50 27.0-33.7 NA 123-83
23 29.6-27.5 NA 99-126

Bergmann et al149 7 227 5 22.0-29.0 NA 400-100 360 U/kg/wk
Macdougall et al141 13 120 4 7.2-10.0 27-31 309-100 75 U/kg/wk
Wingard et al150 46 200 6 26.3-29.7 20-21 151-106 10,660 U/HD
Anastassiades et al153 38 300 3 6.9-10.4 29-27 211-92 110 U/kg/wk
Fishbane et al139 32 195 4 31.8-31.8 21-20 179-157 7563 U/HD
Horl et al135 12 40-80 3 22.5-33.0 NA 1,145-251 150 U/Kg/wk
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more of the following: the inconvenience of
dosing (1 hour pre-prandial or 2 hours post-
prandial administration for optimal absorption);
side effects, including gastric irritation and con-
stipation; and out-of-pocket cost.

Although most Epoetin-treated hemodialysis
patients will require intravenous iron to maintain
iron stores, a small percentage of hemodialysis
patients, as well as many peritoneal dialysis and
CKD patients, are able to maintain adequate iron
stores using only oral iron supplements, perhaps
as a result of augmented intestinal iron absorp-
tion,160 smaller blood losses, and/or lower Epo-
etin requirements.52,140

IV Iron Intravenous iron has been shown to
improve responsiveness to Epoetin in selected
patients with CKD and PD patients52,140,161 and
may reduce the amount of Epoetin needed (if
used) to achieve and maintain a target Hgb/Hct.
In addition, frequent administration of low doses
of IV iron improves the Hgb/Hct and can reduce
Epoetin requirements in hemodialysis patients
(Table IV-3)139-142,144-146,162 (Endnote k). In addi-
tion, several studies have shown that even with-
out the use of Epoetin, the Hgb/Hct can increase
in a significant number of patients treated with
frequent doses of IV iron, but not always to the

target level52,134,140 (Table IV-3). Several studies
have shown the superiority of IV iron therapy by
comparing it to oral iron therapy and showing
that IV iron therapy either increases the Hgb/Hct
and/or reduces Epoetin requirements.139,141,163 In
the 8 studies, reported by 7 authors, in which iron
stores were thought to be normal based upon a
serum ferritin of �100 ng/mL (in 5 of these
studies, the baseline TSAT values were 23% to
31%), the response to a prorated weekly dose of
IV iron ranging from 30 to 200 mg resulted in
an increase in Hgb/Hct of 19% � 20% and a
reduction in Epoetin requirements of 34% �
27%.139-142,144,146,161,162 Other studies have
shown the erythropoietic benefit of increasing
the TSAT to �20% and serum ferritin to �100
ng/mL, respectively.138,143

IV Iron Protocol

The protocol that the Anemia Work Group
recommends for administering IV iron dextran
or iron gluconate in adult hemodialysis patients
with absolute iron deficiency is 100 mg of iron
dextran or 125 mg of iron gluconate during each
dialysis for 10 or 8 doses respectively. For main-
tenance iron therapy, and treatment and preven-
tion of functional iron deficiency, the recommen-

Table IV-3. Effects of Intravenous Iron Therapy in Hemodialysis Patients

Study
No. of

Patients
IV Iron

(mg/wk)
Duration

(mo)

Baseline/Follow-Up Changes

Hgb/Hct %TSAT Ferritin Hgb/Hct Epoetin

Effect in Iron Deficiency
Sunder-Plassmann and Horl145 52 100 6 9.4-11.1 13-24 52-534 �18% �17%
Taylor et al144 12 31 6 10.1-11.0 NA 68-211 �09 �33%
Sepandj et al146 50 50 6 8.8-10.0 NA 36-217 �14% �34%

Effect with “Normal” Iron Stores
Silverberg et al140 41 50 6 28.7-33.7 27-31 99-403 �17% 0
Senger and Weiss162 13 25-50 12 32.6-34.7 14-36 111-609 �06 �75%
Taylor et al144 34 31 6 9.9-11.3 NA 176-305 �14 �33%
Fishbane et al139 20 200 4 32.5-34.4 23-75 191-754 �12 �46%
Granolleras et al142 18 30 4 29.0-31.0 31-33 321-654 �07 �30%
Silverberg et al140 41 50 6 33.7-33.6 31-29 403-383 0 �61%
Macdougall et al141 12 125 4 7.3-11.9 26-23 345-350 �63 0
Suh and Wadhwa161 7* 100 7 29.0-38.0 18-35 267-660 �31 �27%

Effect without Epoetin
Allegra et al134 11 93 6 7.0-8.0 NA 60-500 5/11 pts

responded
7 93 6 7.0-7.0 NA 700-900 0/7 pts responded

Silverberg et al140 5* 50 6 27.7-35.6 24-36 145-460 �17%
Silverberg et al52 33† 50 5 29.6-31.5 22-27 106-297 66%

* CAPD patients.
† CKD patients.
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dation is 25 to 100 mg of IV iron dextran every
week for 10 weeks, or 31.25 to 125 mg of iron
gluconate every week for 8 weeks, with measure-
ment of the TSAT and serum ferritin no sooner
than 2 to 7 days after the last dose, depending on
the magnitude of the above doses. Doses of 100
to 125 mg require 7 days to elapse for accurate
monitoring.164-168 Measurement of transferrin
saturation and serum ferritin may be inaccurate if
they are performed within 14 days of receiving a
single dose of 1 gram or more of iron intrave-
nously.143,168,169

The frequency of maintenance IV iron therapy
can be thrice weekly (with every hemodialy-
sis),142 twice weekly,139,144 weekly,140,145,161,162 or
every other week,141 but should provide 250 to
1,000 mg of iron within 12 weeks. Iron status
during the maintenance phase of Epoetin treat-
ment should be monitored by measuring the
TSAT and serum ferritin every 3 months.

Dosing of IV iron in pediatric patients should
be adjusted to weight. The regimen employed
successfully for a 10-dose course of IV iron in
one study for pediatric hemodialysis patients is
shown in Table IV-4.170 The dosing recommenda-
tions for pediatric CKD and PD patients are
shown in Table IV-5.

There have been no studies of the maintenance
use of IV iron in pediatric patients. There is no
rationale for prescribing oral iron supplements,
given their inconvenience, cost, and side effects,
when IV iron is required.

Another recommendation of the European
Erythropoetin Symposium regarding iron supple-
mentation during Epoetin therapy was as fol-
lows: IV iron is preferable for hemodialysis
patients and may also be appropriate for some
patients on CAPD and for some CKD patients
not on dialysis.148

The rationale for recommending regular
amounts of IV iron therapy to patients receiving
Epoetin for treatment of anemia of CKD is that:

1. Erythropoiesis requires both iron and eryth-
ropoietin.

2. Oral iron fails to maintain adequate iron
stores in most hemodialysis patients, resulting in
persistence of moderate anemia, which increases
morbidity and mortality.

3. The use of IV iron will increase Hgb/Hct,
and therefore improve morbidity and survival in
CKD patients.

4. The health benefits of IV iron are expected
to exceed its adverse effects (see Guideline 9:
Administration of a Test Dose of IV Iron Dex-
tran), resulting in a net health benefit.

The Use of Intravenous Iron Preparations

There are two iron dextran preparations avail-
able for IV use in the United States, INFeD� and
Dexferrum�, both of which are clinically effec-
tive. In 1999 the intravenous iron preparation, fer-
ric sodium gluconate, Ferrlecit�, and in 2000 iron
sucrose were approved for use by the Food and
Drug Administration. Ferric sodium gluconate and
iron sucrose have had extensive use in Europe
and other countries and there is literature regard-
ing their safety and efficacy.134,140,144,145,166,167,171-175

Intravenous iron dextran may cause dose-related
arthralgias and myalgias, as well as idiosyncratic
reactions (anaphylactic-like, hypotension) that
are not dose-related (see Guideline 9: Administra-
tion of a Test Dose of IV Iron Dextran). Dose-
related adverse effects occur infrequently and are
generally mild when doses of �100 mg are
used.176,177 It is therefore recommended that in-
center hemodialysis patients be given no more
than 100 mg per dose of iron dextran IV to
minimize the dose-related arthralgias/myalgias.
The use of frequent, small doses of iron dextran,
given as an IV “push” over 2 minutes, is also
more economical than giving larger boluses ad-
ministered as an intravenous infusion in dextrose
in water or saline.178 However, it is not realistic

Table IV-4. Iron Dextran Dosing Recommendations
for Pediatric Hemodialysis Patients

Patient Weight

�10 kg 10 to 20 kg �20 kg

Each dose of a
10-dose course

0.5 mL
(25 mg)

1.0 mL
(50 mg)

2.0 mL
(100 mg)

Table IV-5. Iron Dextran Dosing Recommendations
for Pediatric Predialysis and PD Patients

Patient Weight

�10 kg 10 to 20 kg �20 kg

Iron dose 125 mg 250 mg 500 mg
Volume of saline

for infusion 75 mL 125 mL 250 mL
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to expect a CKD, home hemodialysis, or PD
patient to come to a clinic for 10 consecutive
weeks to receive a cumulative iron dose of 1,000
mg in 100 mg increments. Therefore, for CKD,
home hemodialysis, and PD patients who, de-
spite oral iron supplementation, have developed
evidence of iron deficiency, it is reasonable to
administer IV iron dextran (in the clinic or dialy-
sis center) in single doses of 500 to 1,000 mg
diluted in 250 mL of normal saline and infused
over 1 hour, and repeated as often as necessary to
maintain adequate iron stores. Patients should be
informed of the increased incidence of myalgias/
arthralgias associated with such doses.

Intravenous ferric sodium gluconate is now
available in 62.5 mg/5.0 mL ampules. This form
of IV iron has been claimed to cause “oversatura-
tion” of transferrin, leading to hypotension,
caused by free iron.167 However, it is now known
that the term “oversaturation” may be an artifact,
depending on how serum iron is measured in the
clinical laboratory. One method used in the United
States utilizes an acetate buffer with hydroxyl-
amine hydrochloride, which mainly measures
iron bound to transferrin (true bioavailable se-
rum iron). However, a method that uses a buffer
with ascorbic acid and guanidine, releases more
iron from recently administered IV iron com-
pounds, thus artifically raising the serum iron
level, and contributing to possible “oversatura-
tion” of transferrin, thus overestimating availabil-
ity of “free iron.”179 If the ascorbic acid/guani-
dine buffer method is utilized, infusion of 62.5
mg over the course of 4 hours of dialysis will
avoid this artifact, whereas the infusion of the
same amount over 30 minutes and the infusion of
125 mg over 4 hours may result in transient
“oversaturation” of transferrin.167 However, few
adverse effects were reported when 62.5 mg and
125 mg doses of iron gluconate were mixed in 50
or 100 mL of saline, respectively, and infused
over 30 or 60 minutes.165 Clinical trials are now
in progress to determine whether bolus infusions
of these amounts of iron gluconate over 5 to 10
minutes are safe. However, the infusion of more
than 125 mg of iron gluconate as a bolus or
infusion is not recommended at this time by the
manufacturer. Therefore, the way in which intra-
venous iron is administered should depend upon
the form of iron preparation that is used and the

amount. Also, shortly after the IV administration
of iron preparations, spuriously high transferrin
saturation levels may occur due to the measure-
ment of circulating drug iron.

Possible Adverse Effects Related to Intrave-
nous Iron Preparations The safety of IV iron
dextran, iron gluconate, and iron sucrose must be
considered before recommending their routine
use in adult or pediatric patients as part of the
overall approach to the management of anemia
of CKD. There are very few large-scale studies
that have examined the incidence of adverse
effects associated with these preparations.180 The
incidence of life-threatening/serious acute reac-
tions to IV iron dextran has been reported to be
0.65% (3 of 471 general patients)176 and 0.7% (4
of 573 dialysis patients).181 Because patients
may have a serious adverse reaction to IV iron
dextran after having received IV iron dextran
without incident in the past, and because patients
who have a serious adverse reaction to IV iron
dextran tend not to receive IV iron dextran again,
the rate of serious or potentially life-threatening
adverse reactions to IV iron dextran, as a propor-
tion of injections, rather than patients, is even
smaller—approximately 0.1%.176 Although this
incidence is low, it suggests that 1,200 life threat-
ening/serious acute reactions could occur in the
200,000 hemodialysis patients in the United
States if all received IV iron dextran. Some data
are based on patients who received iron dextran
formerly sold as Imferon�,176 which is no longer
produced in the United States, and InFeD�,181

whose molecular weight is 96,000. Most of the
reported adverse events were related to the use of
Imferon. It is not clear whether the incidence of
side effects from InFeD� is identical to that from
Imferon�.182 Another intravenous iron dextran
preparation, DexFerrum� has a molecular weight
of 265,000.168,180 There are no published data
documenting the incidence of adverse events
with the use of DexFerrum�. Prospective infor-
mation needed to compare reaction rates be-
tween these two agents (InFeD� and DexFer-
rum�) is lacking. In the absence of information
on mechanism of reaction, patients who have
shown severe reactions to either agent should not
be administered the other.

Delayed reactions to IV iron dextran, charac-
terized by arthralgias and myalgias, are dose-

IRON SUPPORT S201



related and rarely occur with doses of 100 mg or
less.176 By contrast, as many as 59% of patients
experience the arthralgia-myalgia syndrome af-
ter total dose infusion (TDI).183-186 Occurrence of
an arthralgia-myalgia reaction should prompt a
decrease in the dose of IV iron dextran adminis-
tered. Low dose administration, however, may
require more frequent dosing to maintain opti-
mum iron status. Although arthralgias and myal-
gias have been reported with iron gluconate,
these are acute, rather than delayed, and are
likely attributable to the same mechanism as the
arthralgias and myalgias associated with iron
dextran. The relationship of arthralgias and myal-
gias to the rate of administered dose or total dose
of iron gluconate has not been examined.

Use of ferric sodium gluconate (Ferrlecit�)
may rarely be associated with hypotension and
flushing, loin pain and intense upper gastric pain,
the latter without hypotension.175 A subsequent
report from the same institution regarding the
same iron preparation claimed that there were no
immediate or delayed adverse effects, when 62.5
mg was diluted in 50 mL of saline and given over
30 minutes.172 Another report describes a study
in which ferric gluconate was administered to
three patients who were also receiving an ACE
inhibitor. These patients all had iron deficiency
and had normal renal function. One patient re-
ceived 120 mg of ferric gluconate daily and, after
the fourth infusion, developed abdominal cramps
and hypotension.176 Two other patients received
62.5 mg of ferric gluconate and developed ab-
dominal cramps, diarrhea, and hypotension 1
hour after the end of a slow infusion of the
compound. It is not clear whether the use of an
ACE inhibitor was a factor in these reactions.
Reactions to iron gluconate are somewhat less
common than to iron dextran, and of lesser
severity. There have been no reported deaths due
to the IV use of iron gluconate.180 In the hemodi-
alysis patients participating in one of the first US
trials with sodium gluconate,there is no evidence
that patients who react to iron dextran will react
to iron gluconate.165

Iron sucrose (Venofer) has completed clinical
trials in the United States, and is used exten-
sively in Europe and Israel. The FDA approved
this drug in November 2000. It is available in
100 mg (5 mL) vials. One report166 noted that if

transferrin levels were less than 180 mg/dL, free
iron might occur if 100 mg of iron saccharate
were administered. The administration of doses
of 10, 20, or 40 mg of iron saccharate did not
result in free iron.

Since there are so little data published concern-
ing the possible adverse effects of IV iron prepa-
rations, the Anemia Work Group recommends
the establishment of a registry for monitoring the
incidence of severe, acute, adverse reactions to
IV iron in CKD patients. Such a registry should
be designed by a committee of clinical, scien-
tific, and methodological experts, maintained by
parties, such as NKF-K/DOQI, without an eco-
nomic interest in parenteral iron or Epoetin
therapy, and used to provide periodic, published
reports.

Iron Overload

There is little information in the literature
which clearly establishes the upper limit of safety
for serum ferritin in patients receiving IV iron
therapy. For instance, iron overload has been
defined as being present when the serum ferritin
chronically remains above 1,000 ng/mL154 or
above 500 ng/mL153 by the same authors. On the
other hand, a study in which bone marrow iron
stores were assessed in conjunction with serum
ferritin levels in Epoetin-treated dialysis patients
indicated that iron overload was not present in
conjunction with a serum ferritin level as high as
1,047 � 445.183 While accumulation of iron in
tissues such as the heart, liver, and pancreas (as
seen in primary hemochromatosis) can be hazard-
ous, most of the iron accumulation from iron
overload in dialysis patients is in the reticuloen-
dothelial cells,169 with very little parenchymal
cell damage.187 Iron deposition in proximal
muscle was demonstrated in 10 iron overloaded
hemodialysis patients, whose serum ferritin lev-
els were 1,030 to 5,000 ng/mL.188 However,
these patients inherited the hemochromatosis al-
leles. Liver cell damage was noted in the pre-
Epoetin era when some adult and pediatric dialy-
sis patients developed transfusional hemosiderosis
and had serum ferritin levels in excess of 7,500
ng/mL and TSAT levels greater than 88%189,190

(Endnote l). However, it is difficult to separate
the effect of hepatitis B or C, which commonly
occurred in this setting, from the effect of iron
overload per se.
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Transferrin, which is present in plasma and
lymph, normally is not more than 50% saturated
with iron. In this setting, there is no free iron
available for cell growth of microorganisms.191

An increased incidence of bacterial infections
has been reported to be associated with iron
overload.192-194 However, there is a dichotomy
between the in vitro and in vivo data as to
whether iron suppresses phagocytosis192,195,196 and
whether iron overload induces infection.197 It is
known that anemia is associated with an in-
creased incidence of infection, that idiopathic
hemochromatosis is not associated with an in-
creased incidence of infection and that patients
with thalassemia who receive multiple transfu-
sions and develop hemosiderosis only develop
an increased incidence of infections if they have
had a splenectomy.197 Furthermore, it is difficult
to differentiate between the immunological sup-
pression that results from multiple transfusions
and any effect of iron overload per se in causing
bacterial infections (Endnote m). A more recent
study by authors who had earlier noted an in-
creased incidence of infection in association with
high serum ferritin levels (Endnote m)194 in ane-
mic hemodialysis patients prior to the advent of
Epoetin therapy re-examined this issue and found
that anemia (Hgb �9 gm/dL), and not an el-
evated serum ferritin level, is a risk factor for an
increased incidence of bacteremia.198 The poly-
morphonuclear granulocyte dysfunction that may
be present in iron-overloaded dialysis patients
has been shown to normalize following either
desferoximine or Epoetin therapy with serum
ferritin levels still remaining greater than 1,000
ng/mL.199,200 On the other hand, neutrophil dys-
function has also been noted in hemodialysis
patients who are not iron overloaded, but who
are receiving IV iron, with transferrin saturation
values �20% associated with serum ferritin lev-
els �650 ng/mL.201 Whether this dysfunction
occurred because of associated inflammatory state
or was related to functional iron deficiency is not
clear. Moreover, since serum ferritin is an acute
phase reactant, infection may increase the serum
ferritin level into a range consistent with iron
overload. In such circumstances, the association
between an increased ferritin level and an in-
creased incidence of infections is due to infec-
tion resulting in an increased ferritin level, rather

than iron overload resulting in an increased risk
of infection.

After reviewing this literature, the Anemia
Work Group concluded that maintaining a serum
ferritin level within the range recommended in
these guidelines is unlikely to expose the patient
with CKD to an increased risk of bacterial infec-
tions. Furthermore, in hemodialysis patients, be-
cause of repetitive dialyzer blood losses, serum
ferritin levels will decline by withholding IV
iron, as noted in two studies where the serum
ferritin levels decreased from 754 � 34 ng/mL
and 836 � 393 ng/mL to 183 � 18 ng/mL and
477 � 267 ng/mL, respectively, within 4 and 3
months.166,181 Furthermore, iron overload, if
present, can be reduced by the combination of
increased Epoetin therapy and regular phle-
botomy.202

Summary

Available evidence demonstrates that:
1. Both iron and erythropoietin are needed to

produce red blood cells; as a result, unless ad-
equate iron is available, Epoetin will be rela-
tively ineffective.

2. In the absence of provision of supplemental
iron, iron deficiency is almost always present in
nontransfused hemodialysis patients receiving
Epoetin.

3. Although some hemodialysis patients have
been able to avoid absolute and functional iron
deficiency by taking only oral iron supplements,
most hemodialysis patients require IV iron to
maintain sufficient iron to achieve and maintain
an Hgb (Hct) of 11 to 12 g/dL (33% to 36%).

4. Just as there is risk associated with the
failure to use IV iron (because many patients will
be anemic unless they receive IV iron, and ane-
mia is associated with increased morbidity and
mortality), there also is some risk associated with
the use of IV iron dextran and ferric sodium
gluconate (see Guideline 9: Administration of a
Test Dose of IV Iron Dextran).

5. Although no tests are perfect indicators of
the adequacy of iron stores, the TSAT and serum
ferritin are the best measures of the body’s iron
status that we currently have. The probability
that iron deficiency is present increases as the
values of these measures decrease.

6. Given the prevalence of iron deficiency in
CKD patients, and the sensitivity and specificity
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of TSAT and serum ferritin in detection of iron
deficiency, the likelihood of iron deficiency is
sufficiently high when TSAT is �20% and the
serum ferritin is �100 ng/mL. Therefore, the
TSAT and serum ferritin should be maintained at
a level of �20% and �100 ng/mL, respectively,
in all patients.

7. Because many patients will still be function-
ally iron deficient even with a TSAT �20%,
and/or serum ferritin �100 ng/mL, additional
iron should be given to patients whose TSAT
is �20% and/or serum ferritin is �100 ng/mL,
whenever the Hct is �33% and/or Epoetin doses
are greater than anticipated, so long as adminis-
tration of such iron does not chronically maintain
the TSAT at �50% or serum ferritin at �800
ng/mL. There is no single level of TSAT or
serum ferritin that is optimal for all patients. The
goal of iron therapy is to improve erythropoiesis,
not to attain specific levels of TSAT and/or
serum ferritin.203 The probability that functional
iron deficiency exists despite a TSAT �20% is
greater in patients who require higher doses of
Epoetin.

8. The levels of TSAT or serum ferritin above
which patients will have iron overload is not
known. Patients with transfusional hemosider-
osis have a TSAT �80%.190 There is no known
risk associated with a TSAT that is �50%. Con-
versely, there is no physiologic or clinical ratio-
nale for maintaining TSAT �50%. Serum fer-
ritin levels between 300 and 800 ng/mL have
been common in dialysis patients, and there has
been no evidence that such levels are associated
with adverse, iron-mediated effects.

9. Because of the repetitive dialyzer-related
blood losses in hemodialysis patients, iron over-
load can be avoided by temporarily withholding
IV iron administration if TSAT or ferritin levels
temporarily become too high.

10. By monitoring the TSAT and serum fer-
ritin at least once every 3 months, erythropoiesis
can be optimized in hemodialysis patients by
adjusting the pro-rated weekly dose of IV iron to
maintain adequate iron status.

GUIDELINE 9

Administration of a Test Dose of IV Iron

Prior to initiating IV iron dextran therapy, a
one-time test dose of 25 mg (in adults) should be

given IV. For pediatric patients weighing �10
kg, the test dose should be 10 mg; for pediatric
patients weighing 10 to 20 kg, the test dose
should be 15 mg. If no immediate allergic reac-
tion occurs, subsequent routine doses can be
given without a test dose. According to the
package insert, iron dextran should be adminis-
tered by slow IV push at a rate not to exceed 1.0
mL (50 mg, if undiluted) per minute. (Opinion)

Prior to initiating IV iron gluconate therapy in
adults, a one-time test dose of 25 mg should be
given IV. If no immediate allergic reactions oc-
curs, subsequent routine doses can be given
without a test dose. According to the package
insert, the test dose should be diluted in 50 mL
0.9% sodium chloride for injection and adminis-
tered over 60 minutes. Also, according to the
package insert, iron gluconate has not been estab-
lished to be safe and effective in pediatric pa-
tients.

Rationale Acute adverse reactions may be
seen with administration of IV iron dextran and
IV iron gluconate. In addition, delayed reactions
may be seen with the use of IV iron dextran.
Severe acute reactions resembling anaphylaxis
with dyspnea, hypotension, chest pain, angio-
edema or urticaria are uncommon. Anaphylaxis-
like reactions occur in fewer than 1% of iron
dextran or iron gluconate administrations. Fatali-
ties associated with the use of iron dextran are
rare176,181 and have not been reported in associa-
tion with the use of iron gluconate.175 A history
of multiple drug allergies is associated with in-
creased risk of an acute iron dextran reaction,176

but a similar association has not been reported
for iron gluconate. Anaphylaxis-like reactions to
iron dextran usually occur within a few minutes
after injection and typically respond readily to
treatment with IV epinephrine, diphenhydra-
mine, and corticosteroids. It is common practice
to wait 15 to 60 minutes after the initial test dose
before the remainder of the initial therapeutic
dose is injected, assuming no initial anaphylaxis-
like reaction occurred. It is recommended that
the test dose and subsequent doses of iron dex-
tran, iron gluconate, or iron sucrose be adminis-
tered by personnel trained to provide emergency
treatment and that there be immediate access to
the medications needed for the treatment in the
rare case of a serious allergic reaction.
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Test doses for iron dextran and iron glu-
conate are not interchangeable. An uneventful
response to either agent does not preclude an
adverse reaction to the other or to repeat admin-
istration of the same agent. It should be noted
that a test dose for either iron dextran or iron
gluconate has limited value. There is no evi-
dence that acute, anaphylaxis-like reactions to
iron dextran or iron gluconate are less severe
after a 25 mg test dose than after a therapeutic
100 or 125 mg dose. For iron dextran, most
patients who suffer severe acute reactions have
successfully received both a test dose and
multiple therapeutic doses in the past. For iron
gluconate it is likely that the same phenom-
enon will be observed, although data on this
point are not currently available. Thus, the test
dose neither minimizes reaction to a first dose
nor prospectively identifies the patient at in-
creased risk for a severe reaction to a later
dose. Caution is warranted with every dose of
iron dextran that is administered.

GUIDELINE 10

Oral Iron Therapy

When oral iron is used, it should be given as
200 mg of elemental iron per day, in 2 to 3
divided doses in the adult patient, and 2 to 3
mg/kg/day in the pediatric patient. Oral iron is
best absorbed when ingested without food or
other medications. (Evidence)

Rationale In CKD and PD patients with mini-
mal daily iron losses, provision of 200 mg el-
emental oral iron per day may be sufficient to
replace ongoing losses and support erythropoi-
esis. Intestinal absorption of iron is inversely
related to iron stores.155,156 Iron absorption is also
increased as erythropoiesis increases, such as
occurs with Epoetin therapy.150,159,160 While stud-

ies in the pre-Epoetin era indicated that iron
absorption was minimal with serum ferritin lev-
els above 100 ng/mL and TSAT values above
20%, the amount of iron absorbed in CKD pa-
tients in the presence of Epoetin therapy remains
poorly documented. One study indicated mini-
mal absorption if the serum ferritin was greater
than 100 ng/mL.157

If oral iron is used, it should be in the form
of one of the ionic iron salts, such as iron
sulfate, fumarate, or gluconate, because they
are the cheapest and provide known amounts
of elemental iron. Iron polysaccharide, which
is more expensive, is no better tolerated (no
less nausea, vomiting, or abdominal discom-
fort leading to discontinuation) than ionic iron
salts.204 Despite the perception by some that
iron polysaccharide is more effective than the
other iron salts, there have been no well-
designed clinical studies which support that
perception. In one study in which iron polysac-
charide was one of four oral iron preparations
given to Epoetin-treated hemodialysis pa-
tients,150 this form of iron was associated with
the smallest rise in mean Hct and the only
mean Hct that was not significantly increased
from baseline after 6 months of therapy.

When food is eaten within 2 hours before or 1
hour after an oral iron supplement, the food will
reduce iron absorption by as much as one half.205

Aluminum-based phosphate binders can also re-
duce iron absorption.206 Ascorbic acid does not
improve ferrous iron absorption.207

Patients who have difficulty tolerating oral
iron supplements may benefit from smaller, more
frequent doses, starting with a lower dose and
increasing slowly to the target dose, trying a
different form or product, or taking the supple-
ment at bedtime.

Table IV-6. Amount of Elemental Iron and Cost of Various Oral Iron Preparations208

Iron Preperation
(without added vitamins or folic acid)

Tablet Size
(mg)

Amount of
Elemental Iron

(mg)

Average Monthly
Wholesale Cost
(200 mg/day*)

Ferrous gluconate 325 35 $5.08
Ferrous sulfate 325 65 $2.29
Ferrous fumarate 325 108 $1.63
Polysaccharide-iron complex 150 $7.12†

* Of elemental iron.
† 150 mg iron per day.
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Table IV-6 provides information on the amount
of elemental iron in different preparations and
the monthly cost of taking 200 mg of elemental
iron per day.

The standard oral iron supplement in a child is

2 to 3 mg/kg/day of elemental iron in divided
doses. There are oral liquid iron preparations that
might be more applicable for young pediatric
patients than the solid dose forms noted in Table
IV-6.
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IV. Administration of Epoetin

BACKGROUND

When Epoetin was administered during the
initial clinical trials in the United States to pa-
tients with CKD, it was not known whether it
would be effective and at what dose. Therefore,
to assure that 100% of the dose would be avail-
able to stimulate erythropoiesis, Epoetin was
administered intravenously. Subsequently, phar-
macokinetic studies noted that subcutaneous (SC)
administration provided elevated blood levels of
Epoetin longer than the same dose given intrave-
nously. In most countries outside of the United
States, Epoetin is administered subcutaneously
to most CKD patients. When the data from the
many studies comparing IV to SC Epoetin are
analyzed, the SC route of administration is as
effective or more effective in the majority of
patients than if Epoetin is given IV. Therefore,
the Anemia Work Group recommends that SC
Epoetin be the preferred route of administration.

GUIDELINE 11

Route of Administration of Epoetin

A. Epoetin should be administered subcutane-
ously (SC) in CKD and peritoneal dialysis pa-
tients. (Opinion)

B. The most effective route of Epoetin admin-
istration is SC in hemodialysis patients. (Opin-
ion)

C. When Epoetin is given SC, the site of
injection should be rotated with each administra-
tion. (Opinion)

GUIDELINE 12

Initial Epoetin Administration

A. SC Administration (Evidence)
1. When Epoetin is given SC to adult patients,

the dose should be 80 to 120 units/kg/wk (typi-
cally 6,000 units/wk) in two to three doses per
week.

2. Pediatric patients �5 years old frequently
require higher doses (300 units/kg/wk) than older
pediatric patients and adults.

B. IV Administration (Evidence)
If the initial administration of Epoetin is IV for

hemodialysis patients, the dose should be 120 to
180 units/kg/wk (typically 9,000 units/wk), given
in three divided doses.

RATIONALE FOR GUIDELINES 11 AND 12

Route of Administration of Epoetin

For normal subjects as well as CKD patients,
SC administration of Epoetin has more favorable
pharmacodynamics than IV administration,209-213

despite the incomplete absorption of Epoetin
following SC administration (bioavailability ap-
proximately 20%). On the other hand, because of
the greater discomfort patients experience from
SC compared to IV injections, it is likely that
Epoetin would always be administered intrave-
nously to hemodialysis patients, were it not for
the relatively high cost of Epoetin.

In CKD and peritoneal dialysis patients, it is
inconvenient as well as costly to administer
Epoetin intravenously. In addition, veins need to
be protected from venipuncture so that they are
available for future hemodialysis access sites.
Therefore, SC administration of Epoetin is pref-
erable in these patients.

Numerous studies have examined the varia-
tion in effectiveness of Epoetin related to whether
it is administered SC or IV. Thirty-six published
studies on this topic involving 2,028 patients
showed that, on average, the dose of Epoetin
required to maintain a given Hct at 33% was
lower (range, 0% to 68%) when Epoetin was
administered subcutaneously compared to intra-
venously.103,145,170,212-245 Two recent studies con-
firm the variability of response whether Epoetin
is given SC or IV. In the largest study to date, a
parallel group study in US male veterans, on
average, the dose of Epoetin needed to maintain
the Hct between 30% and 33% was more than
30% lower with SC than IV administration.246

However, 23% of the 208 patients required more
Epoetin when switched from IV to SC adminis-
tration. A European study noted that when the
route of administration in 15 patients was shifted
from SC to IV (which differs from the protocol
of most comparative studies), there was no differ-
ence in the mean thrice weekly dose of Epoetin
or mean Hct during 6 months of therapy at each
route of administration.247

Although most of the available studies had
relatively small sample sizes and often had other
methodological limitations, the aggregate data
suggest several conclusions.

1. In a group of patients, such as all patients
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receiving hemodialysis in a dialysis center, ad-
ministration of Epoetin via the SC route appears
to be more efficient than IV administration, ie,
target Hgb and/or Hct levels are able to be
maintained with a lower weekly Epoetin dose
(15% to 50% lower) when the SC route is used.

2. The frequent administration of Epoetin ap-
pears to be more efficient, ie, administration of
Epoetin on a two to three times per week basis
appears to allow lower total weekly doses than
administration once per week. However, the ad-
ministration of Epoetin on a daily basis is no
more effective than administration three times
per week.33,106 Thus, from a physiologic stand-
point, Epoetin therapy should be initiated subcu-
taneously two to three times per week. Although
two to three times per week SC administration is
more efficient than once weekly administration,
once weekly administration is more convenient
for many CKD patients. In addition, Medicare
currently does not reimburse for Epoetin use in
CKD patients who are not dialysis dependent
unless it is given in the physician’s office. (Home
administration currently is not reimbursed for
Medicare patients.) The Anemia Work Group
strongly encourages a change in this policy.
Once the target Hgb/Hct has been achieved, it
may be possible, for purposes of convenience, to
administer Epoetin SC once weekly, or less of-
ten, in CKD, peritoneal dialysis, and hemodialy-
sis patients.

There are insufficient data in the literature to
make a recommendation for a specific site of
administration of Epoetin. Therefore, it would
seem prudent to rotate the site of injection with
each administration.

Dose of Epoetin

When selecting the initial dose of Epoetin, the
goal is to achieve the target Hgb/Hct within a 2-
to 4-month period (corresponding to the lifespan
of red blood cells in CKD) through the induction
of a slow, steady increase of the Hgb/Hct. Ide-
ally, that dose will turn out to be the dose
necessary to maintain the Hgb/Hct at the target
value.248

Since it is not possible to accurately predict
the fraction of patients who will respond ad-
equately to any dose of Epoetin, it will be neces-
sary to monitor each patient’s response to opti-
mize the dose of Epoetin (see recommendation

in Guideline 15: Monitoring of Hemoglobin/
Hematocrit During Epoetin Therapy).

In pediatric PD patients, the median weekly
Epoetin dose required to maintain a target Hct of
28% to 30% was 136 units/kg/wk in those older
than 15 years.

A higher dose requirement for pediatric pa-
tients �5 years has been noted in two multi-
center trials.170,249 The basis for this difference
has not been established. On the other hand, 19
of 22 children (peritoneal dialysis [10], hemodi-
alysis [2], and chronic kidney function impair-
ment [10]) between the ages of 4 months to 16
years (mean, 9 years) achieved target Hgb (9 to
11 g/dL) after 4 months of 50 U/kg of Epoetin
given SC, twice weekly.23

GUIDELINE 13

Switching From Intravenous to
Subcutaneous Epoetin

A. For hemodialysis patients who are being
switched from IV to SC administration of Epo-
etin but have not yet achieved the target Hgb/
Hct, the total weekly IV dose should be adminis-
tered SC in two to three divided doses. (Evidence)

B. For hemodialysis patients who are being
switched from IV to SC administration of Epo-
etin after achieving the target Hgb/Hct, the initial
weekly SC dose should be two-thirds the weekly
IV dose. (Opinion) Subsequent dose adjust-
ments should be made as recommended in Guide-
line 16: Titration of Epoetin Dosage.

Rationale In the majority of hemodialysis
patients, the erythropoietic response to a particu-
lar Epoetin dose will be greater with SC than
with IV administration.212,215,221,225,232,239 Simple
conversion of the IV dose to a SC dose in
patients who are not yet at the desired target
Hgb/Hct will, therefore, in most patients, pro-
duce a subsequent increase in the Hgb/Hct.

Table IV-7. Advantages of Subcutaneous Versus
Intravenous Epoetin Administration

Advantages of Subcutaneous Epoetin Administration
1. Most patients require less Epoetin via SC compared

to IV route.
2. When given SC, Epoetin may be administered in

many patients one to two times per week, thus
reducing administration cost to facility.

Advantages of IV Epoetin Administration
1. No patient discomfort.
2. Most clinical experience (in the United States).
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Studies have indicated that Epoetin require-
ments are, on average, about 15% to 50% less with
SC dosing than with IV dosing.212,215,221,225,232,239

Therefore, to avoid an unwanted increase in
Hgb/Hct, approximately a 33% reduction in
weekly dose should be made when converting
from IV to SC administration if a stable target
Hgb/Hct has already been achieved (see Guide-
line 11: Route of Administration of Epoetin).
There is tremendous clinical variability, how-
ever, and some patients may require more Epo-
etin when administered SC compared to IV.232

Careful monitoring of the response to Epoetin
therapy and individual titration of the dose will
be necessary after conversion of hemodialysis
patients from IV to SC administration of Epoetin
to achieve and maintain the target Hgb/Hct. If,
after conversion, the weekly SC dose is greater
than the previous weekly IV dose, the IV route of
Epoetin administration should be resumed.

GUIDELINE 14

Strategies for Initiating and Converting to
Subcutaneous Epoetin Administration

The use of the strategies listed below is sug-
gested to increase patient acceptance of SC ad-
ministration of Epoetin: (Opinion)

● When patients begin dialysis treatments, con-
tinue Epoetin administration subcutaneously.

● Educate hemodialysis patients on the advan-
tages of SC administration (improved Hgb/
Hct response and economic savings).

● Establish a unit-wide policy under which all
hemodialysis patients are started on SC ad-
ministration at the same time.

● Use the smallest possible gauge needle for
injection (eg, 29 gauge).

● Use a multidose Epoetin preparation that
contains benzyl alcohol.

● Divide the doses (a smaller volume for
injection may reduce discomfort).

● Administer a single, weekly injection to
patients receiving a small dose.

● Rotate injection sites between upper arm,
thigh and abdominal wall areas.

● Encourage patients to self-administer Epo-
etin when possible.

Rationale It is impractical to administer Epo-
etin to CKD or PD patients intravenously, for
reasons of staff and patient convenience. It is

reasonable to continue SC administration after
hemodialysis is initiated.

Successful implementation of SC Epoetin in
hemodialysis units can be facilitated by several
actions. Patients should be educated regarding
the improved Hgb/Hct response, that is, achiev-
ing the target Hgb/Hct with less Epoetin.

Once all patients in a dialysis unit have been
educated about the rationale for SC Epoetin
administration (summarized in Table IV-7), it
may be helpful to switch all patients from IV to
SC at the same time. Otherwise, patients who
have been used to receiving IV Epoetin who are
reluctant to change to SC Epoetin might under-
mine efforts to put new hemodialysis patients on
SC Epoetin.

Considering the drawbacks of frequent needle
sticks, efforts should be undertaken to minimize
discomfort associated with SC administration.
Stinging may be associated with SC injection of
Epoetin alfa, and has been attributed to the
presence of a citrate buffer in the single-use vial.
The multidose vial of Epoetin alfa contains the
preservative benzyl alcohol, which acts as a local
anesthetic and reduces the stinging. This prepara-
tion has been better tolerated than the single-use
vial when Epoetin alfa is given SC.250

Additional strategies to minimize discomfort
include use of the smallest gauge needle pos-
sible; a small injection volume, which can be
accomplished by using the 10,000 units/mL mul-
tidose vial and administering Epoetin in three
divided doses per week, or, for those patients
requiring small doses (eg, �3,000 units/wk),
reducing the frequency of administration to once
weekly. Patients could be encouraged to partici-
pate in their own care by doing self-injections of
Epoetin. Patients can control some of the discom-
fort that may accompany SC injections by con-
trolling the speed of delivery of the injection.
HCFA reimbursement policy will need to be
altered so that self-injections outside of the dialy-
sis unit are covered by Medicare.

GUIDELINE 15

Monitoring of Hemoglobin/Hematocrit During
Epoetin Therapy

For purposes of monitoring response to Epo-
etin, Hgb/Hct should be measured every 1 to 2
weeks following initiation of treatment or follow-
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ing a dose increase or decrease, until a stable
target Hgb/Hct and Epoetin dose have been
achieved. Once a stable target Hgb/Hct and Epo-
etin dose have been achieved, Hgb/Hct should be
monitored every 2 to 4 weeks. (Opinion)

Rationale There are no reported studies that
have systematically compared different proto-
cols (ie, different frequencies of Hgb/Hct mea-
surements) for monitoring the Hgb/Hct response
to Epoetin therapy. Therefore, a single most
clinically and/or cost-effective protocol cannot
be based on data reported in the medical litera-
ture. With the doses of Epoetin recommended in
these guidelines, and with optimal iron stores,
the absolute rise in Hgb can be expected to be
about 0.3 g/dL (0.2 to 0.5 g/dL) per week (hemat-
ocrit rise of 1% per week [typical response
range, 0.5% to 1.5% per week]).65,73,103,251-254

The dose-response range is wide, however.
Weekly testing of Hgb/Hct is recommended fol-
lowing initiation of Epoetin, or an Epoetin dose
adjustment, to detect changes in Hgb/Hct. Less
frequent testing (ie, only every 2 weeks or
monthly) could miss the very rapid erythropoi-
etic response or the poor response and prevent an
earlier dose adjustment. More frequent testing is
not necessary (see Guideline 16: Titration of
Epoetin Dosage).

GUIDELINE 16

Titration of Epoetin Dosage

If the increase in Hct after initiation of Epoetin
therapy or after a dose increase has been �2
percentage points over a 2- to 4-week period, the
dose of Epoetin should be increased by 50%. If
the absolute rate of increase of Hgb/Hct after
initiation of Epoetin therapy or after a dose
increase exceeds 3 g/dL (or 8 Hct percentage
points) per month (eg, an increase from a Hgb 7
to 10 g/dL or Hct change from 20% to 28%), or if
the Hgb/Hct exceeds the target Hgb/Hct, reduce
the weekly dose of Epoetin by 25%. When the
weekly Epoetin dose is being increased or de-
creased, a change may be made in the amount
administered in a given dose and/or the fre-
quency of dosing (if given SC). (Opinion)

Rationale Several regimens have been de-
scribed for adjusting the Epoetin dose until a
target Hgb/Hct and stable maintenance Epoetin
dose have been achieved. There are no reported

studies, however, which have systematically com-
pared different Epoetin dose adjustment proto-
cols. Therefore, a single most effective and/or
cost-effective protocol cannot be based on data
reported in the medical literature. The dose adjust-
ment strategies the Anemia Work Group recom-
mends are similar to those which have been used
safely and effectively in clinical trials.65,73,251,253

The Epoetin dose increases recommended will
also avoid unnecessary delays in obtaining a
desired erythropoietic response.

A recommendation as to whether Epoetin
should be withheld (ie, not given for some period
of time) before reducing the Epoetin dose cannot
be based on data from the medical literature. A
distinction, though, should be made between the
“rapid responder” (ie, a patient whose Hct has
increased �8 percentage points in a month) and
the patient who approaches the target Hgb/Hct
gradually. In the former case, Epoetin should be
withheld if the target has been reached and
resumed 1 to 2 weeks later at 75% of the original
dose, or maintained at the same dose but at a
reduced frequency, if given SC. When the rate of
rise in Hgb/Hct has been slower and the target
range is about to be exceeded, withholding Epo-
etin can result in a “roller-coaster” effect. There-
fore, in the latter instance, the dose should either
be reduced or the frequency of SC administration
should be reduced rather than omitting Epoetin
therapy in order to stabilize and maintain the
Hgb/Hct in the target range.

GUIDELINE 17

Inability to Tolerate Subcutaneous Epoetin;
IV Epoetin Dose

When a hemodialysis patient is unable to
tolerate SC administration of Epoetin, IV admin-
istration should be used. The IV Epoetin dose
should be 50% higher than the SC dose, if
known, or 120 to 180 units/kg/wk (typically
9,000 units/week), given in three divided doses.
(Opinion)

Rationale Despite the best efforts of physi-
cians and dialysis staff to educate patients regard-
ing the value of SC Epoetin administration and to
minimize discomfort associated with SC admin-
istration, there may be some patients who will
not accept SC administration. This may be true,
for example, in the case of the occasional patient
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who requires very large doses of Epoetin, since
SC administration of a large volume can be
painful, or in the patient who develops recurrent
ecchymoses and hematomas. When IV Epoetin
is required, the weekly dose should be given in
divided doses during each dialysis treatment.
Once weekly IV administration of Epoetin re-
sults in a lower Hgb/Hct response, and a 25%
increase in Epoetin requirements, compared with
three times per week administration.255 If Epo-
etin is given IV, it is best to inject it into either the
arterial or venous blood lines (ie, the “ports”) at
any time during the hemodialysis procedure.
Injection of Epoetin into the venous drip cham-
ber of the Fresenius delivery system should be
avoided since this can result in “trapping” and
incomplete mixing with the patient’s blood.256

On average, studies have shown comparable
Hgb/Hct response with a SC dose which is two
thirds of the IV dose. Therefore, the IV Epoetin
dose should be 50% higher than the SC dose.103

GUIDELINE 18

Intraperitoneal Epoetin Administration

For peritoneal dialysis patients in whom SC
or IV administration of Epoetin is not feasible,
intraperitoneal (IP) administration may be consid-
ered. IP administration must be done into a dry
abdomen or one with a minimal amount of dialy-
sate.

IP dose requirements may be higher than those
associated with IV or SC administration. (Evi-
dence)

Rationale Epoetin administered into the ab-
dominal cavity will be diluted if mixed with
dialysate, thus slowing its absorption.257 Perhaps
for this reason, Epoetin doses are higher with IP
administration, if mixed with dialysate, than with
either IV or SC administration210; a “dry” abdo-
men results in better absorption.257 For example,
in pediatric patients, if Epoetin is administered
intraperitoneally into a full dialysate dwell vol-

ume, absorption of Epoetin is less than 50% of
that attained with SC administration, but absorp-
tion is enhanced if instilled with a small amount
(50 mL) of dialysate.258 Therefore, in pediatric
patients, if IP administration of Epoetin is used,
it is best to infuse it into a “dry” abdomen or one
with a minimal amount of dialysate.

GUIDELINE 19

Epoetin Dosage Perioperatively or During
Intercurrent Illness

A decision to continue or increase the Epoetin
dose must be made on an individual basis in
patients receiving Epoetin who undergo surgery,
develop significant acute intercurrent illness, or
require transfusion of red blood cells for acute
blood loss. (Opinion)

Rationale Anecdotal observations suggest that
the erythropoietic response to Epoetin may be
reduced in patients who have significant intercur-
rent illness (infection, malignancy, inflammatory
diseases) or who undergo surgery.29,259-262 There
are no studies available which support a specific
recommendation as to whether the Epoetin dose
should be discontinued, maintained, or increased
to try to obtain a particular erythropoietic re-
sponse in such patients, particularly upon hospi-
talization, or in patients in whom red blood cell
transfusions are required for acute blood loss.
Continuation of Epoetin at a dose at least equal
to that which the patient was receiving prior to
development of an acute illness or surgery may
allow for more prompt resumption of erythropoi-
esis once the intercurrent illness has resolved.

Following successful renal transplantation,
erythropoietin production by the transplanted
kidney is often delayed for up to 8 to 30 days,263-265

so full correction of anemia may not occur for 2
to 3 months after surgery. There are no data
indicating that Epoetin administration during the
immediate posttransplant period is of benefit.
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V. Inadequate Epoetin Response

BACKGROUND

Ninety-six percent of patients will respond to
Epoetin at 450 units/kg/wk IV (a dose expected
to produce a comparable response to 300 units/
kg/wk administered SC103) within 4 to 6 months,
provided that there are adequate iron stores.65

Therefore, an inadequate response to Epoetin
therapy is defined as failure to achieve target
Hgb/Hct in the presence of adequate iron stores
at a dose of 450 units/kg/wk IV or 300 units/
kg/wk SC within 4 to 6 months, or failure to
maintain target Hgb/Hct subsequently at that
dose. However, since there is a wide variability
in dose response to Epoetin, an individual patient
may respond to as little as 75 units/kg IV (or 50
units/kg SC) per week.

GUIDELINE 20

Causes for Inadequate Response to Epoetin

The most common cause of an incomplete
response to Epoetin is iron deficiency.

In the iron-replete patient with an inadequate
response to Epoetin, the following conditions
should be evaluated and treated, if reversible:
(Evidence)

1. Infection/inflammation (eg, access infec-
tions, surgical inflammation, AIDS, SLE)

2. Chronic blood loss
3. Osteitis fibrosa
4. Aluminum toxicity
5. Hemoglobinopathies (eg, alpha and beta

thalassemias, sickle cell anemia)
6. Folate or vitamin B12 deficiency
7. Multiple myeloma
8. Malnutrition
9. Hemolysis
Rationale Iron deficiency has been reviewed

in Guidelines 5, 6, 7, and 8. A brief review of the
other potential causes of Epoetin resistance out-
lined above follows. The general approach to
treatment of patients refractory to Epoetin should
include identification and reversal of potentially
treatable causes of resistance. When the cause of
Epoetin resistance is untreatable, either progres-
sively increase the Epoetin dose in an attempt to
reach or maintain the target Hgb/Hct, transfuse

with red blood cells (see Guideline 23: Red
Blood Cell Transfusions in Dialysis Patients with
Chronic Renal Failure) or accept an Hgb/Hct
below the target level.

The nine conditions listed in this guideline
have been documented to be potential reasons
for inadequate response to Epoetin therapy in the
adequately dialyzed, iron-replete patient. Of these,
the first four are the most commonly encountered
in the dialysis patient. The other five are less
common and should be considered only if the
first four have been excluded.

1. Infection and inflammation can markedly
impair responsiveness to Epoetin; responsive-
ness is usually restored upon resolution of the
underlying problem.29,259,266-270 The differential
diagnosis is extremely broad, encompassing all
infectious disorders, including access infections,
AIDS, rheumatologic disorders, and surgical in-
flammation (including vascular access surgery).
In pediatric patients on CAPD, peritonitis may
exert a protracted suppressive effect on the re-
sponse to Epoetin.270 The pathophysiology of
inflammatory reticuloendothelial blockage is
gradually being elucidated and may relate to the
inhibition of erythropoiesis, mediated by inflam-
matory cytokines, such as tumor necrosis factor
and interleukin-1.267,268 An elevated C-reactive
protein level, often associated with inflammation
and/or infection, has been a predictor of resis-
tance to Epoetin.271,272

2. Chronic blood loss, regardless of cause,
results in iron deficiency and thus impaired Epo-
etin response.35 Blood loss should always be
suspected in patients who require increasing doses
of Epoetin to maintain a stable Hgb/Hct, in
patients whose Hgb/Hct levels are falling, and in
patients with failure to augment iron stores in the
face of repetitive intravenous iron loading. The
appropriate approach to the evaluation of this
problem is addressed in Guideline 6: Target Iron
Level, and Guideline 7: Monitoring Iron Status,
and Guideline 8: Administration of Supplemen-
tal Iron.

3. Osteitis fibrosa impairs response to Epoetin
by replacing active marrow erythroid elements
with fibrosis. Although the best study does not
demonstrate a statistically significant relation-
ship between serum levels of intact parathor-
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mone (iPTH) and Epoetin dose, there is a direct
relationship between the degree of fibrosis and
the amount of Epoetin needed to maintain a
stable Hct.273

4. Aluminum intoxication affecting the mar-
row can either prolong the treatment time re-
quired to reach the target Hgb/Hct or necessitate
higher Epoetin doses, but has not been shown to
cause absolute resistance to therapy.277-279

5. Hemoglobinopathies: Patients with sickle
cell disease respond poorly to Epoetin therapy,
even when high doses of Epoetin are used over
long treatment periods. In hemoglobin SS and
SC diseases, Epoetin results in release of reticu-
locytes containing predominantly hemoglobin S,
with little if any increment in the more stable
hemoglobin F.280-282 Both alpha and beta thalasse-
mia may respond poorly to Epoetin. Alpha thalas-
semia is more common among Asians and those
of Asian ancestry. Treatment of alpha thalasse-
mia with Epoetin may increase Hgb slowly, with
effective therapy usually requiring very high
doses over a long period.283,284

6. Folate and vitamin B12 deficiency: Folic
acid and vitamin B12 are essential for optimal
Hgb synthesis. While most of the available
literature suggests that effective Epoetin
therapy does not require concomitant vitamin
B12 and folate supplementation, the latter is
water soluble and dialysate losses may exceed
intake in poorly nourished patients. Therefore,
loss of responsiveness to Epoetin requires in-
vestigation of cofactor adequacy.285-288 One
study, however, suggests that concomitant fo-
late administration improves Epoetin re-
sponse.286 Specifically, this study suggests that
even if folate levels are adequate at the incep-
tion of Epoetin therapy, macrocytosis and poor
response will develop without continuous co-
factor replacement.289 The presence of macro-
cytosis must be interpreted with caution, how-
ever, since Epoetin therapy is often associated
with macrocytosis, due to shifting of immature
(large) reticulocytes into circulation. Iron over-
load is also associated with macrocytosis.154

7. Multiple myeloma: Reports on the effective-
ness of Epoetin treatment in this setting are few,
contain small numbers of patients, and have
variable results. Poor response (increases in Hgb
from 5.9 to 6.2 g/dL) has been reported at doses

of 125 units/kg/wk SC to 320 units/kg/wk SC in
some patients,290 although others appear not to
require transfusions on regimens of 120 to 140
units/kg/wk.291,292 The reason(s) for the varying
effectiveness of these dosing schedules is un-
clear. Several reports have expressed concern
over the potential for stimulation of malignant
clone proliferation with chronic cytokine therapy
(Endnote n).290,293 Despite this potential concern,
Epoetin is not contraindicated in the treatment of
the anemia of patients with myeloma kidney
disease.

8. Malnutrition: Low serum albumin is associ-
ated with low Hgb among dialysis patients. About
one third of CKD patients have low albumin.
While malnutrition is common in this popula-
tion, any acute or chronic inflammatory condi-
tion may result in a low serum albumin.294 The
effect of nutritional status on Epoetin responsive-
ness in ESRD patients has received little atten-
tion.295 Theoretically, protein and/or calorie mal-
nutrition may result in the unavailability of needed
substrate for protein synthesis in hematopoietic
cells.

9. Hemolysis: Dramatic resistance to Epoetin
therapy has been documented in anti-Nform he-
molysis in the setting of chronic formaldehyde
exposure296 and with hemolysis resulting from
multiple cardiac valve replacements.296

Other Potential Causes Angiotensin-con-
verting enzyme inhibitors (ACE-I): There was
initial concern that ACE-I would worsen the
anemia of CKD because of its ability to diminish
posttransplant erythrocytosis.297 Subsequent re-
ports provide conflicting information: three sug-
gest that there is no inhibition of Epoetin by
ACE-I,298-300 whereas four brief reports and one
recent study,305 in which no other cause of Epo-
etin-resistance could be determined, concluded
that ACE-I did inhibit the action of Epoetin.301-

304 The mechanism of action of such an effect, if
present, is not known, but considerations include
interference with native erythropoietin secre-
tion,304 blunting of the effect of Epoetin, or direct
inhibition of the erythroid marrow response to
Epoetin. Patients receiving ACE-I who are treated
with Epoetin should be monitored for possible
resistance to therapy and the Epoetin dosage
should be adjusted in order to sustain a stable
Hgb/Hct. Malignancy may result in anemia. If
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malignancies other than myeloma (addressed
above) develop, and are thought to decrease the
efficacy of Epoetin therapy, larger amounts of
Epoetin are appropriate, since in general, the
anemia of cancer patients (with normal renal
function), requires larger doses of Epoetin than
the anemia of CKD to obtain an erythropoietic
response.124

GUIDELINE 21

When to Obtain a Hematology Consultation

If Epoetin resistance occurs in the absence of
the conditions listed in Guideline 20: Causes for
Inadequate Response to Epoetin, a hematology
consultation is recommended. (Opinion)

Rationale If all of the conditions listed in
Guideline 20: Causes for Inadequate Response
to Epoetin, have been excluded, determina-
tion of the cause of Epoetin resistance will
likely require the expertise of a specialist in
hematology.

GUIDELINE 22

Epoetin-Resistant Patients

Anemia in Epoetin-resistant patients should
be treated in a manner similar to that in which
dialysis patients were treated before recombinant
human erythropoietin was available. (Opinion)

Rationale No therapy has been shown to be
as effective as Epoetin in the treatment of the
anemia of CKD. Other therapies have been shown
to be either partially effective or ineffective, and
many are associated with unacceptable side ef-
fects. While the following therapies have in-
creased erythropoiesis in some dialysis patients
not treated with Epoetin, there are insufficient
data to support the conclusions that any of these
therapies enhances the response to Epoetin when
used as adjuvant agents in the Epoetin-resistant
patient:

1. Carnitine: Reports suggesting that carnitine
improves Epoetin response or permits reduction
in its dose are anecdotal and involve only a few
patients in each study.306-308 One study compar-
ing the dose-response to Epoetin in carnitine-
treated and placebo-treated dialysis patients
showed an enhanced response to Epoetin in 7 of

13 carnitine-treated patients,309 whereas another
study showed that only 8 of 19 patients might
have had potentiation of Epoetin with carnitine
administration, but iron supplementation might
have been responsible for the improvement.310

More controlled trials are needed with carnitine
before definitive recommendations for its use as
an adjuvant therapy can be made (see also
K/DOQI guidelines on Nutrition).

2. Androgens: Studies designed to assess
whether androgens enhance response to Epoetin
are inconclusive (ineffective,311 effective312). An-
other recent study indicates that the erythropoi-
etic response to androgens in males over 50 years
of age with ESRD is as effective as that to
Epoetin (6,000 units/wk) in males under 50 years
of age and in females, and is less expensive than
Epoetin therapy over 6 months.313 However, al-
though androgen therapy may be less expensive
than Epoetin, the risks and side-effects of pri-
mary androgen therapy alone,particularly in fe-
males, are unacceptable. The absence of convinc-
ing evidence of a clinical benefit associated with
androgen therapy in combination with Epoetin
argues against its use, particularly in light of the
side effects.

3. Dialysis prescription; dialysis efficiency;
hemodialysis with biocompatible membranes:
This literature, too, is inconclusive. One report
suggests that an inverse relationship exists be-
tween Epoetin dose and dialysis efficiency.314 A
recent study reported that a higher delivered dose
of dialysis improves Epoetin effectiveness.315 Its
findings, however, are not convincing: the inde-
pendent effects of higher Kt/V (small molecule
clearance) on Epoetin response were not sepa-
rated from those of biocompatible dialyzer mem-
branes, the Epoetin treatment interval was short
for the magnitude of response reported, and no
control data were provided before the change in
dialysis prescription was initiated. Another study
reports that middle molecule clearance, not deliv-
ered dose measured by urea kinetic modeling,
may enhance Epoetin responsiveness.316 Hemo-
dialysis for 445 patients in Tassin, France in
which middle and small molecule clearances
were greater than that in most dialysis centers
(24 hours per week with Kiil dialyzers using
cuprophane membranes with a mean Kt/V of
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1.67) resulted in a mean Hct of 28.1% in the
absence of Epoetin therapy.317 While this is a
higher mean Hct than that observed during the
pre-Epoetin era in most dialysis centers that
provided fewer weekly hours of hemodialysis,
there are no data (as yet) showing that these
patients now require less Epoetin to achieve

higher Hct values than those treated at other
dialysis centers. Whether the magnitude of the
delivered dialysis dose, dialyzer membrane, or
clearance of a specific surrogate solute has an
effect on response to Epoetin in the patient who
is not severely uremic remains unresolved and
needs further investigation.
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VI. Role of Red Blood Cell Transfusions

GUIDELINE 23

Red Blood Cell Transfusions in Patients With
Chronic Renal Failure

Red blood cell transfusions are indicated in:
A. The severely anemic patient with recog-

nized symptoms or signs due to the anemia, eg,
the patient with acute blood loss associated with
hemodynamic instability (Opinion)

B. The Epoetin-resistant patient who has
chronic blood loss (Opinion)

Rationale The following principles regarding
red blood cell transfusion, promulgated by the
American College of Physicians,318 should be
followed when determining the need for transfu-
sions:

1. Determine the reversibility/nature of ane-
mia so that reversible causes may be treated.

2. Determine which, if any, symptoms or signs are
likely to be reversed by giving red blood cell transfu-
sions. If none can be identified, do not transfuse.
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VII. Possible Adverse Effects Related to Epoetin Therapy

BACKGROUND

During the initial Epoetin clinical trials, most
of which were uncontrolled, a number of adverse
effects were reported. Some of these adverse
effects have not been observed consistently in
subsequent experience with Epoetin, suggesting
that Epoetin is not the direct cause of these
adverse effects. Moreover, these adverse effects
have not been observed when Epoetin is used in
the treatment of non-renal anemias. However,
because there has been much discussion of these
adverse effects in the past, these “possible” ad-
verse effects are reviewed here.

GUIDELINE 24

Possible Adverse Effects Related to Epoetin
Therapy: Hypertension

Blood pressure should be monitored in all
patients with CKD, particularly during initiation
of Epoetin therapy. Initiation of anti-hyperten-
sive therapy or an increase in anti-hypertensive
medication, and reduction in Epoetin dose if
there has been a rapid rise in Hgb/Hct, may be
required to control an increase in blood pressure
related to Epoetin therapy. (Evidence)

Rationale In our review of 47 publications,
785 of a total of 3,428 patients (approximately
23%) developed hypertension or an increase in
blood pressure during treatment with Epo-
etin.22,34,38,59,102,106,235,245,252,292,319-355 While many
factors thought to enhance a pressor response to
Epoetin have been proposed,356 no single factor
has been consistently linked to this response in
the minority of CKD patients in whom it occurs.
Several recent studies, however, have studied the
role of the endothelium and/or vascular smooth
muscle cell in the hypertensive reaction, since
EPO receptors are present on endothelial cells.357

One in vitro study showed that Epoetin (250
U/ml) inhibited IL-1�–induced apoptosis of vas-
cular smooth muscle cells which might induce
hypertension since nitric oxide production is
inhibited.358 However, another study showed that
relatively long-term exposure of human endothe-
lial cells in culture with Epoetin (4 U/mL) for 1
to 6 days increased nitric oxide synthase mRNA
levels, but not endothelin-1 levels, suggesting
that Epoetin has a vasodilatory effect on the
endothelium.359 These in vitro studies are then

contrasted with recent in vivo studies suggesting
that a single dose of 100 U/kg of Epoetin results
in an increase in mean arterial pressure (MAP)
when Epoetin is administered IV, but not when it
is administered SC.360 The increase in MAP is
associated with an increase in the ratio of plasma
endothelin to proendothelin360 and may be asso-
ciated with elevated cytosolic ionic calcium and
nitric oxide resistance.361 The incidence of hyper-
tension associated with Epoetin is not associated
with either the dose of Epoetin or whether a
normal Hct is achieved.80,129 The hypertensive
response is not observed in anemic patients with-
out renal disease who are treated with Epoetin.124

Therefore, the cause of the Epoetin associated
clinical hypertension remains unresoved to date.
New onset or worsening hypertension in associa-
tion with Epoetin therapy is thought to be related
to an increase in vascular wall reactivity, along
with hemodynamic changes related to an increas-
ing red blood cell mass. Initiation of anti-
hypertensive therapy or an increase in the dose of
anti-hypertensive medications, intensified ultra-
filtration if there is evidence of extracellular
volume expansion, and/or a reduction in Epoetin
dose may be required to control an increase in
blood pressure related to Epoetin therapy. It is
not necessary to withhold or discontinue Epoetin
therapy due to hypertension unless such hyperten-
sion is refractory to aggressive blood pressure
management. There is no evidence that increased
blood pressure associated with the use of Epoetin
should be treated any differently than hyperten-
sion in dialysis patients who are not treated with
Epoetin. However, if hypertensive encephalopa-
thy occurs, with or without seizures, Epoetin
should be discontinued until clinical stability is
achieved.

GUIDELINE 25

Possible Adverse Effects Related to Epoetin
Therapy: Seizures

There is no need to restrict patient activities
due to a concern about new onset seizures or a
change in seizure frequency in patients being
treated with Epoetin. A prior history of seizures
is not a contraindication for Epoetin use. (Evi-
dence)
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Rationale The initial and largest multicenter
study with Epoetin in the United States65 noted a
higher incidence of seizures during the first 3
months of the study compared to historical con-
trols. Ten subsequent studies which analyzed the
incidence of seizures among patients receiving
Epoetin found the mean percentage of patients
with seizures to be 3% (59 of 2,203 patients),
with a range of 0% to 13%.22,322,329,342,348,352,362-365

None of these studies reported the presence or
absence of seizure history prior to the use of
Epoetin. There is only one controlled study which
has examined the incidence of seizure activity in
dialysis-dependent ESRD patients in the absence
of Epoetin therapy. In this study, one out of 20
patients (5%) not on Epoetin had a seizure.364

Except in the case of patients with hypertensive
encephalopathy, there appears to be no evidence
of an increased risk of seizures in CKD patients
treated with Epoetin when appropriate dosage
and titration recommendations are followed. Use
of Epoetin in the patient with a prior history of
seizures is not contraindicated since there is no
evidence of an increase in the risk of seizure in
ESRD patients receiving Epoetin therapy.

GUIDELINE 26

Possible Adverse Effects Related to Epoetin
Therapy: Increased Clotting Tendency

A. There is no need for increased surveillance
of access thrombosis in hemodialysis patients
with either native fistulae or synthetic grafts
when patients are treated with Epoetin. (Evi-
dence)

B. Epoetin-treated hemodialysis patients do
not need more heparin than patients not treated
with Epoetin. (Evidence)

Rationale In our review of 26 studies in
which 4,110 hemodialysis patients were en-
rolled, the average incidence of thrombosis
of any access in patients on Epoetin was
7.5%.22,34,38,39,65,74,228,245,299,322,347,348,352,362,366-376

The target Hcts in these studies were �36%, but
the mean achieved Hcts were approximately 34%.
In general, the fewer patients enrolled in a study,
the higher was the reported incidence of access
thrombosis. Most of these papers cited either
historical controls, or used patients as their own
controls, pre- and post-Epoetin use. No differ-
ence was reported in the rate of access thrombo-

sis in one study that compared patients receiving
and not receiving Epoetin.370

There is evidence that Epoetin therapy does
not increase the risk of progressive stenosis in
native fistulae.377 The evidence that Epoetin
therapy increases the risk of PTFE graft thrombo-
sis is equivocal (Endnote o). In the recent Amgen
study of hemodialysis patients with heart disease
(CHF and/or ischemic heart disease), there was a
significant increase in thromboses of both native
fistulae and synthetic arteriovenous grafts in pa-
tients randomized to a target Hct of 42% � 3%,
compared to a target Hct of 30% � 3%. How-
ever, there was no correlation between the Hct
level achieved, the dose of Epoetin, and the
occurrence of access thrombosis.80

There are many studies indicating that clotting
function improves as the Hct increases to above
30% in dialysis patients.378 However, there is no
evidence from the large, North American multi-
center studies65,73 that increasing the red blood
cell mass with Epoetin increases dialyzer heparin
requirements, although a 20% to 40% increase in
heparin requirements was noted in one European
study.374 A recent autopsy study found that, over
a 10-year period in which the percentage of
hemodialysis patients receiving Epoetin in-
creased, there was no increase in the prevalence
of preterminal pulmonary thromboembolism.379

One study of 85 diabetic patients on peritoneal
dialysis reported that patients treated with Epo-
etin had an increased incidence of peripheral
vascular disease and an increased risk of serious
limb or digit ischemia.380 This study was small,
retrospective and had many potential confound-
ers. In addition, no clotting studies were per-
formed. A larger prospective randomized study
would need to confirm these findings before a
caution regarding use of Epoetin in diabetic PD
patients could be recommended.

GUIDELINE 27

Possible Adverse Effects Related to Epoetin
Therapy: Hyperkalemia

Epoetin-treated dialysis patients do not need
more intensive potassium monitoring than pa-
tients not treated with Epoetin. (Evidence)

Rationale While serious hyperkalemia was
observed in the early experience with Epoetin,35

the more recent data indicate that the incidence
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of hyperkalemia is not significantly higher in
Epoetin-treated patients. Our review of five
papers with a cumulative total of 1,167 pa-
tients revealed only 12 cases of hyperkalemia. In
the two series322,329 accounting for 1,000 pa-
tients, the incidence of hyperkalemia was less

than 1%. When patients receiving Epoetin were
compared to patients not receiving Epoetin,370,376

the incidence of hyperkalemia in Epoetin-treated
patients was less than or equal to the incidence in
non–Epoetin-treated patients in two of the three
studies.
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VIII. Endnotes

SECTION I: ANEMIA EVALUATION

(a)
Thirty-three patients with severe chronic kid-

ney disease (creatinine clearance of 10 to 14
mL/min) were moderately anemic with mean
Hgb 10g/dL.52 These patients were treated with
oral iron initially, with minimal response, and
then received 50 mg of IV ferric saccharate every
week for a total of 1,000 mg. Twenty-two, or two
thirds of the patients, were classified as respond-
ers in that their Hgb increased from 9.9 to 11.1
g/dL (Hct from 29.4% to 32.4%). The respond-
ing patients had baseline mean transferrin satura-
tion values of 21.9% and baseline mean serum
ferritin values of 94 ng/mL. The nonresponders
had similar values. The authors recommended
that enough IV iron should be given to increase
the serum ferritin levels to 200 to 400 ng/mL
and/or transferrin saturation values to between
25% and 35% before initiating Epoetin therapy.52

SECTION II: TARGET
HEMOGLOBIN/HEMATOCRIT

(b)
In the Canadian study,73 three groups of pa-

tients were studied: one placebo group and two
Epoetin-treated groups with target Hgb values of
10.2 � 1.0 g/dL and 11.7 � 1.7 g/dL, respec-
tively. The mean values for the physiologic tests
of the higher target group at baseline (Hgb 7.1 �
1.2 g/dL) were much higher than the mean val-
ues obtained in the other treatment group which
reached the target Hgb of 10.2 � 1.0 g/dL,
thereby making the authors’ conclusions difficult
to interpret. In an Australian study,74 cardiac
index and heart rate were clinically and statisti-
cally significantly better in the group of patients
reaching higher target Hgb. Quality of life was
also better at the higher Hgb, but the difference
failed to reach statistical significance,75 possibly
because of the relatively small number of pa-
tients.
(c)

Hgb levels among 107 patients without LVH
were 11.9 � 2.0 g/dL, whereas in 68 patients
with LVH, Hgb levels were 11.0 � 2.1 g/dL (P �
0.0049).86 Sixty percent of the patients with an
Hgb �11 g/dL had LVH.

(d)
It is now clear that the increased cerebral

blood flow is a physiological response to a de-
crease in the total oxygen content of arterial
blood.381 In an in vivo study, cerebral blood flow
and oxygen delivery were examined in eight
normal volunteers whose Hct levels were de-
creased from a mean of 42.5% to 37.7% via
phlebotomy and hemodilution.382 Using PET
scans and oxygen (O2)15 inhalation, a decrease in
total oxygen content of arterial blood from 19.1 �
1.0 to 16.9 � 1.0 mL/dL (P � 0.005) was dem-
onstrated. Despite an increase in cerebral blood
flow, there was still a decrease in oxygen deliv-
ery to cerebral tissue. The authors concluded that
optimal Hct for the human brain is that normally
found at sea level. This finding was confirmed by
another study in which 27 patients with ischemic
cerebrovascular disease were studied with intra-
carotid isotope injection to determine cerebral
blood flow and oxygen delivery between a Hct
range of 31% to 53%. As shown previously, there
was an inverse relationship between Hct and
cerebral blood flow, but a linear relationship
between Hct and oxygen delivery to brain tissue,
with the maximal level of oxygen delivery occur-
ring within a Hct range of 40% to 45%.
(e)

Of 1,410 hemodialysis patients observed be-
fore Epoetin was used therapeutically in Oki-
nawa, Japan (April 1, 1988 to March 31, 1990),
25 had strokes and 3 had acute myocardial infarc-
tions. Following the use of Epoetin (April 1,
1990 to March 31, 1993), 61 and 12 patients out
of 1,916 hemodialysis patients had strokes or
acute myocardial infarctions, respectively. These
were highly statistically significant differences.
Unfortunately, the Hct levels were not reported
in the Epoetin-treated patients, although the tar-
get level was 30%. The conclusions of this study
are considered flawed as noted in a letter to the
editor of Nephron.383 In response to this letter,
the lead author on the study seems uncertain
about his findings by stating “we do not think
that EPO is the culprit of the observed increase in
incidence of stroke/AMI,” and yet also adds “we
believe that the introduction of EPO and the
changes in patient demographics caused the dif-
ference in the incidence of stroke/AMI.”384 These
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authors had previously reported that the risk of
cerebral hemorrhage in their hemodialysis pa-
tients was 10.7 times higher than the general
Okinawa population,385 an incidence not ob-
served in the United States.

SECTION III: IRON SUPPORT

(f )
This conclusion is supported by data from the

USRDS Dialysis Morbidity and Mortality Study
(wave 1) for 1996, in which more than 50% of
2,613 dialysis patients in 1993 had TSAT levels
of �20%, 36% had serum ferritin levels of �100
ng/mL, and 56% had serum ferritin levels of
�200 ng/mL. Furthermore, only 11.2% of these
patients had received IV iron, and 25% had
received neither IV nor oral iron.66

(g)
Hemodialysis patients typically lose up to 15

to 25 mL of whole blood at each dialysis treat-
ment (approximately 60 mL per week) as a result
of retention of blood in the dialyzer and tubing,
and phlebotomy for blood testing.386,387 If such
patients have a Hct of 36%, this constitutes an
average loss of 3 mL of RBC per day. Average
(in a normal subject) GI iron losses of 1 mg/day
heighten depletion of iron stores, resulting in a
total loss of at least 400 mg of iron over a
100-day period (an arbitrary duration used for
calculation purposes only). Some patients, such
as menstruating females, have even greater blood
losses. Patients who undergo vascular access
surgery or who have additional gastrointestinal
bleeding often have cumulative iron losses ex-
ceeding 2 g/year. Yearly losses up to 6 to 8 grams
have been documented.133

(h)
Since blood volume is approximately 8% of

body weight, a 70 kg patient has a blood volume
of approximately 5 to 6 L. At an Hct of 25%, this
represents an RBC volume of 1,400 mL (5,600
mL � 25%). At an Hct of 35%, a blood volume
of 5 to 6 L represents an RBC volume of 2,000
mL (5,600 mL � 35%). Thus, to increase the Hct
of a 70 kg patient from 25% to 35%, a patient
needs to produce 600 mL of red blood cells
(2,000 mL minus 1,400 mL). Since each millili-
ter of newly synthesized RBCs contains 1 mg of
iron, 600 mg of iron are needed to produce an
increase in RBC volume of 600 mL. An alterna-

tive method for determining the iron requirement
associated with Epoetin therapy has utilized a
nomogram approach.388

(i)
Bone marrow biopsy specimens stained to

assess iron are traditionally considered the “gold
standard” measure of iron stores. It is not practi-
cal, however, to perform serial bone marrow
biopsies to monitor the iron status of dialysis
patients.
(j)

For example, a recent small study137 found
that 12% of hemodialysis patients who were
functionally iron deficient had a TSAT �20%,
and 4% of patients who were functionally iron
deficient had a TSAT �30%. The same investiga-
tors concluded that 12% of patients who had a
TSAT �15% were not iron deficient. However
the protocol these investigators used for adminis-
tering Epoetin and iron (the dose of Epoetin was
decreased by 25% if the Hct was �34%, and the
total amount of IV iron given was limited to one
gram) could have resulted in an underestimate of
patients who were functionally iron deficient.
This same study137 noted that 50% of patients
who were functionally iron deficient had serum
ferritin levels �100 ng/mL, while 10% of pa-
tients who were functionally iron deficient had
serum ferritin levels �300 ng/mL. Although
none of the patients who were functionally iron
deficient in this small study had serum ferritin
values �500 ng/mL, such patients have been
reported.35,142,145

(k)
With the exception of two studies involving

CAPD patients134,161 and one study involving
CKD subjects,52 the studies summarized in Table
IV-3 show the overall effects of regular IV iron
administration in hemodialysis patients. Only
mean values are depicted. The amount of IV iron
is reported in milligrams per week. The fre-
quency of iron administration varied from 3
times per week to once every other week. The
duration of the studies is indicated by the number
of months depicted. The first three studies showed
the effects of IV iron in iron-deficient subjects.
Eight studies by seven authors depicted the ef-
fects of IV iron on individuals considered to have
adequate iron stores. In conjunction with the use
of IV iron, the Hgb/Hct rose 19% � 20% and the
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dose of Epoetin decreased by 34% � 27% in
these 8 studies. Five of these studies had baseline
TSAT values between 23% and 31%. The base-
line serum ferritin levels of patients who re-
sponded to IV iron varied from 99 to 403 ng/mL.
The serum ferritin values did not exceed 800
ng/mL.
(l)

Acquired iron overload developed in 15 adults
with normal kidney function from 70 to 210 red
blood cell transfusions and was associated with
serum ferritin levels of 950 to 5,000 ng/mL.389

Iron overload in dialysis patients (11 adults and 5
children) was associated with serum ferritin lev-
els of 11,110 � 1,679 ng/mL and 7,550 � 3,088
ng/mL, respectively,189 and in another series of
12 adult dialysis patients with iron overload, the
serum ferritin and TSAT were 8,168 � 1,265
ng/mL and 88.3% � 4.9%, respectively.190

(m)
One report of 670 hemodialysis patients

indicated that patients (n � 118) with serum
ferritin levels 521 � 775 ng/mL had more
bacterial infections than did patients (n � 489)
whose serum ferritin levels were 376 � 529
ng/mL.194 These patients were “iron-over-
loaded” presumably from previous transfu-
sions, although no details were given concern-
ing previous transfusions, parenteral iron use,
or Hgb/Hct values. Only 15% of the patients
were receiving Epoetin since this study was
conducted over a 6-month period between Sep-
tember 1989 and February 1990, when Epoetin
had just become available for clinical use in
France. While the difference between the se-
rum ferritin levels was significant (P � 0.028)
between the two groups, the more important
risk factors for infection were found to be a
previous history of bacterial infection and the
presence of a central venous dialysis catheter.
It is difficult to exclude the role of transfusion-
induced immunosuppression as the cause of
the increased incidence of bacterial infections
in the group with the higher serum ferritin
levels. A later study by the same authors failed
to confirm this relationship.198

SECTION V: INADEQUATE EPOETIN
RESPONSE

(n)
Two hemodialysis patients with multiple my-

eloma relapsed in the setting of aggressive Epo-
etin therapy290; 1 patient relapsed, after a 6-month
remission, with a new lytic lesion less than 1
month after initiating treatment at 100 units/kg.
Urinary light chain excretion increased 10-fold
(1.56 to 10.75 g/L) in a nondialysis patient follow-
ing treatment with 4,000 units twice weekly;
excretion reverted to pretreatment levels with
discontinuation of Epoetin.293 Two observations
provide physiologic rationales for these clinical
observations: erythropoietin receptors are ex-
pressed on human myeloma cells,390 and noner-
ythroid marrow elements at the progenitor cell
level respond to therapeutic doses of Epoetin in
dialysis patients.391,392

SECTION VII: POSSIBLE ADVERSE
EFFECTS RELATED TO EPOETIN

THERAPY

(o)
The Canadian multicenter trial393 suggests that

Epoetin increases the risk of thrombosis in PTFE
grafts. This study matched patients on Epoetin
with similar patients not on Epoetin. It reports an
incidence of graft thrombosis 2.2 times higher in
Epoetin-treated patients with grafts versus pa-
tients with grafts who were not treated with
Epoetin. The Epoetin-treated patients had lower
serum albumin levels and a higher prevalence of
cardiovascular disease. The authors controlled
for length of time the grafts were used prior to
initiation of Epoetin therapy, but did not mention
the actual age of the grafts. There were 38 pairs
of patients; the authors did not state the fate of
the nine patients who had grafts and received
Epoetin, but for whom they could not find a
paired control. In addition, there was no correla-
tion between risk of thrombosis and the baseline
Hgb, the rise of Hgb, or the dose of Epoetin. The
authors suggested that their findings should be
“interpreted cautiously.”

GUIDELINES FOR ANEMIA OF CHRONIC KIDNEY DISEASES222



IX. References

1. Deleted in proof.
2. Deleted in proof.
3. Eschbach JW, Adamson JW: Anemia of end-stage

renal disease (ESRD). Kidney Int 28:1-5, 1985
4. Horina JH, Schwaberger G, Brussee H, Sauseng-

Fellegger G, Holzer H, Krejs GJ: Increased red cell 2,3-
diphosphoglycerate levels in haemodialysis patients treated
with erythropoietin. Nephrol Dial Transplant 8:1219-1222,
1993

5. Robertson HT, Haley NR, Guthrie M, Cardenas D,
Eschbach JW, Adamson JW: Recombinant erythropoietin
improves exercise capacity in anemic hemodialysis patients.
Am J Kidney Dis 15:325-332, 1990

6. Braumann KM, Nonnast-Daniel B, Boning D, Bocker
A, Frei U: Improved physical performance after treatment of
renal anemia with recombinant human erythropoietin.
Nephron 58:129-134, 1991

7. Teehan B, Sigler MH, Brown JM, Benz RL, Gilgore
GS, Schleifer CR, Morgan CM, Gabuzda TG, Kelly JJ,
Figueroa WG, Peterson DD: Hematologic and physiologic
studies during correction of anemia with recombinant hu-
man erythropoietin in predialysis patients. Transplant Proc
212:63-66, 1989

8. Mayer G, Thum J, Cada EM, Stummvoll HK, Graf H:
Working capacity is increased following recombinant hu-
man erythropoietin treatment. Kidney Int 34:525-528, 1988

9. Wizemann V, Schafer R, Kramer W: Follow-up of
cardiac changes induced by anemia compensation in normo-
tensive hemodialysis patients with left-ventricular hypertro-
phy. Nephron 64:202-206, 1993

10. Harnett JD, Foley RN, Kent GM, Barre PE, Murray
D, Parfrey PS: Congestive heart failure in dialysis patients:
Prevalence, incidence, prognosis and risk factors. Kidney Int
47:884-890, 1995

11. Wizemann V, Kaufmann J, Kramer W: Effect of
erythropoietin on ischemia tolerance in anemic hemodialy-
sis patients with confirmed coronary artery disease. Nephron
62:161-165, 1992

12. Cannella G, La Canna G, Sandrini M, Gaggiotti M,
Nordio G, Movilli E, Maiorca R: Renormalization of high
cardiac output and of left ventricular size following long-
term recombinant human erythropoietin treatment of anemic
dialyzed uremic patients. Clin Nephrol 34:272-278, 1990

13. Macdougall IC, Lewis NP, Saunders MJ, Cochlin DL,
Davies ME, Hutton RD, Fox KAA, Coles GA, Williams JD:
Long-term cardiorespiratory effects of amelioration of renal
anaemia by erythropoietin. Lancet 335:489-493, 1990

14. Pascual J, Teruel JL, Moya JL, Liano F, Jimenez-
Mena M, Ortuno J: Regression of left ventricular hypertro-
phy after partial correction of anemia with erythropoietin in
patients on hemodialysis: A prospective study. Clin Nephrol
35:280-287, 1991

15. Wolcott DL, Marsh JT, La Rue A, Carr C, Nissenson
AR: Recombinant human erythropoietin treatment may im-
prove quality of life and cognitive function in chronic
hemodialysis patients. Am J Kidney Dis 14:478-485, 1989

16. Eschbach JW, Adamson JW: Recombinant human
erythropoietin: Implications for nephrology. Am J Kidney
Dis 11:203-209, 1988

17. Ramirez G, Bittle PA, Sanders H, Rabb HAA, Bercu
BB: The effects of corticotropin and growth hormone releas-
ing hormones on their respective secretory axes in chronic
hemodialysis patients before and after correction of anemia
with recombinant human erythropoietin. J Clin Endocrinol
Metab 78:63-69, 1994

18. Schaefer RM, Kokot F, Heidland A: Impact of recom-
binant erythropoietin on sexual function in hemodialysis
patients. Contrib Nephrol 76:273-282, 1989

19. Sobh MA, Abd el Hamid IA, Atta MG, Refaie AF:
Effect of erythropoietin on sexual potency in chronic haemo-
dialysis patients: A preliminary study. Scand J Urol Nephrol
26:181-185, 1992

20. Gafter U, Kalechman Y, Orlin JB, Levi J, Sredni B:
Anemia of uremia is associated with reduced in vitro cyto-
kine secretion: Immunopotentiating activity of red blood
cells. Kidney Int 45:224-231, 1994

21. Vanholder R, Van Biesen W, Ringoir S: Contributing
factors to the inhibition of phagocytosis in hemodialyzed
patients. Kidney Int 44:208-214, 1993

22. Scigalla P, Bonzel KE, Bulla M, Burghard R, Dippel
J, Geisert J, Leumann E, von Lilien T, Muller-Wiefel DE,
Offner G, Pistor K, Zoellner K: Therapy of renal anemia
with recombinant human erythropoietin in children with
end-stage renal disease. Contrib Nephrol 76:227-241, 1989

23. Burke JR: Low-dose subcutaneous recombinant eryth-
ropoietin in children with chronic renal failure. Pediatr
Nephrol 9:558-561, 1995

24. Evans RW, Rader B, Manninen DL, Cooperative
Multicenter EPO Clinical Trial Group: The quality of life of
hemodialysis recipients treated with recombinant human
erythropoietin. JAMA 263:825-830, 1990

25. Lowrie EG, Ling J, Lew NL, Yiu Y: The relative
contribution of measured variables to death risk among
hemodialysis patients, in Friedman EA (ed): Death on Hemo-
dialysis: Preventable or Inevitable? 13. Boston, MA, Kluwer
Academic Publishers, 1994, pp 121-141

26. Eschbach JW: The anemia of chronic renal failure:
Pathophysiology and the effects of recombinant erythropoi-
etin. Kidney Int 35:134-148, 1989

27. Parker PA, Izard MW, Maher JF: Therapy of iron
deficiency anemia in patients on maintenance dialysis.
Nephron 23:181-186, 1979

28. Potasman I, Better OS: The role of secondary hyper-
parathyroidism in the anemia of chronic renal failure.
Nephron 33:229-231, 1983

29. Adamson JW, Eschbach JW: Management of the
anaemia of chronic renal failure with recombinant erythro-
poietin. Q J Med New Series 73:1093-1101, 1989

30. Kaiser L, Schwartz KA: Aluminum-induced anemia.
Am J Kidney Dis 6:348-352, 1985

31. Hampers CL, Streiff R, Nathan DG, Snyder D, Mer-
rill JP: Megaloblastic hematopoiesis in uremia and in pa-
tients on long-term hemodialysis. N Engl J Med 276:551-
554, 1967

32. Eschbach JW, Funk DD, Adamson J, Kuhn K, Scrib-
ner BH, Finch CA: Erythropoiesis in patients with renal
failure undergoing chronic dialysis. N Engl J Med 276:653-
658, 1967

American Journal of Kidney Diseases, Vol 37, No 1, Suppl 1 (January), 2001: pp S223-S235 S223



33. Eschbach JW: The future of r-HuEPO. Nephrol Dial
Transplant 10:96-109, 1995 (suppl 2)

34. Winearls CG, Oliver DO, Pippard MJ, Reid C, Down-
ing MR, Cotes PM: Effect of human erythropoietin derived
from recombinant DNA on the anaemia of patients main-
tained by chronic haemodialysis. Lancet 2:1175-1178, 1986

35. Eschbach JW, Egrie JC, Downing MR, Browne JK,
Adamson JW: Correction of the anemia of end-stage renal
disease with recombinant human erythropoietin: Results of a
combined phase I and II clinical trial. N Engl J Med
316:73-78, 1987

36. Mocks J, Franke W, Ehmer B, Scigalla P, Quarder O:
Analysis of safety database for long-term epoetin-beta treat-
ment. A meta-analysis covering 3697 patients, in Koch KM,
Stein G (eds): Pathogenetic and Therapeutic Aspects of
Chronic Renal Failure. 12. New York, Marcel Dekker, 1997,
pp 163-179

37. Consensus Development Conference Panel: Morbid-
ity and mortality of renal dialysis: An NIH consensus confer-
ence statement. Ann Intern Med 121:62-70, 1994

38. Grutzmacher P, Scheuermann E, Low I, Bergmann
M, Rauber K, Baum R, Heuser J, Schoeppe W: Correction of
renal anaemia by recombinant human erythropoietin: Ef-
fects on myocardial function. Contrib Nephrol 66:176-184,
1988

39. Delano BG: Improvements in quality of life follow-
ing treatment with r-HuEPO in anemic hemodialysis pa-
tients. Am J Kidney Dis 14:14-18, 1989

40. Muirhead N, Bargman J, Burgess E, Jindal KK, Levin
A, Nolin L, Parfrey P: Evidence-based recommendations for
the clinical use of recombinant human erythropoietin. Am J
Kidney Dis 26:S1-S24, 1995 (suppl 1)

41. Henry JB: Methods Hematology: Basic Methodol-
ogy, in Clinical Diagnosis and Management by Laboratory
Methods (ed 19). Philadelphia, PA, Saunders, 1996, pp
578-625

42. Britten GM, Brecher G, Johnson CA, Elashoff RM:
Stability of blood in commonly used anticoagulants. Am J
Clin Pathol 52:690-694, 1969

43. Holt JT, DeWandler MJ, Aevan DA: Spurious eleva-
tion of electronically determined mean corpuscular volume
and hematocrit caused by hyperglycemia. Am J Clin Pathol
77:561-567, 1982

44. Van Duijniioven HLP, Treskes M: Marked interfer-
ence of hyperglycemia in measurements of mean (red) cell
volume by Technicon H analyzers. Clin Chem 1:76-80, 1996

45. Paterakis GS, Laoutaris NP, Alexia SV, Siourounis
PV, Stamulakatou AK, Premetis EE, Sakollariou CH, Terzo-
glou GN, Papassotiriou IG, Loukopoulos D: The effect of
red cell shape on the measurement of red cell volume. A
proposed method for the comparative assessment of this
effect among various haematology analysers. Clin Lab
Haematol 16:235-245, 1994

46. Fraser CG, Wilkinson SP, Neville RG, Knox JDE,
King JF, MacWalters RS: Biologic variation of common
hematologic laboratory quantities in the elderly. Am J Clin
Pathol 92:465-470, 1989

47. Lee GR, Bithell TC, Foerster J, Athens JW, Lukens
JN (eds): Wintrobe’s Clinical Hematology. Appendix A (ed
9). Philadelphia, PA, Lea & Febiger, 1993, p 2303

48. Hillman RS, Finch CA: Clinical approach—Anemia,

in Hillman RD, Finch CA (eds): Red Cell Manual (ed 5th).
Philadelphia, PA, F.A. Davis Company, 1985, p 24

49. Gokal R, Weatherall DJ, Bunch C: Iron induced
increase in red cell size in haemodialysis patients. Q J Med
48:393-401, 1979

50. Hutchinson F, Jones WJ: A cost-effectiveness analy-
sis of anemia screening before erythropoietin in patients with
end-stage renal disease. Am J Kidney Dis 29:651-657, 1997

51. Loge JP, Lange RD, Moore CV: Characterization of
the anemia associated with chronic renal insufficiency. Am J
Med 24:4-18, 1958

52. Silverberg DS, Iaina A, Peer G, Kaplan E, Levi BA,
Frank N, Steinbruch S, Blum M: Intravenous iron supplemen-
tation for the treatment of the anemia of moderate to severe
chronic renal failure patients not receiving dialysis. Am J
Kidney Dis 27:234-238, 1996

53. Bainton DF, Finch CA: The diagnosis of iron defi-
ciency anemia. Am J Med 37:62-70, 1964

54. Jacobs A, Worwood M: Ferritin in serum: Clinical
and biochemical implications. N Engl J Med 292:951-956,
1975

55. Macdougall IC, Cavill I, Hulme B, Bain B, Mc-
Gregor E, McKay P, Sanders E, Coles GA, Williams JD:
Detection of functional iron deficiency during erythropoietin
treatment: A new approach. BMJ 304:471-472, 1992

56. Schaefer RM, Schaefer L: The hypochromic red cell:
A new parameter for monitoring of iron supplementation
during rhEPO therapy. J Perinatol Med 23:83-88, 1995

57. Churchill DN, Muirhead N, Goldstein M, Posen G,
Fay W, Beecroft ML, Gorman J, Wayne Taylor D: Effect of
recombinant human erythropoietin on hospitalization of
hemodialysis patients. Clin Nephrol 43:184-188, 1995

58. Hakim RM, Lazarus JM: Biochemical parameters in
chronic renal failure. Am J Kidney Dis 11:238-247, 1988

59. Chandra M, Clemons GK, McVicar MI: Relation of
serum erythropoietin levels to renal excretory function:
Evidence for lowered set point for erythropoietin production
in chronic renal failure. J Pediatr 113:1015-1021, 1988

60. McGonigle RJS, Boineau FG, Beckman B, Ohene-
Frempong K, Lewy JE, Shadduck RK: Erythropoietin and
inhibitors of in vitro erythropoiesis in the development of
anemia in children with renal disease. J Lab Clin Med
105:449-458, 1985

61. Cleaveland CR: Anemia of chronic disease: A misno-
mer. Ann Intern Med 115:572-573, 1991

62. Krantz SB: Pathogenesis and treatment of anemia of
chronic disease. Am J Med Sci 307:353-359, 1994

63. Pereira BJG: Balance between pro-inflammantory
cytokines and their specific inhibitors in patients on dialysis.
Nephrol Dial Transplant Suppl 10:27-32, 1995

64. Eschbach JW, Haley NR, Egrie JC, Adamson JW: A
comparison of the responses to recombinant human erythro-
poietin in normal and uremic subjects. Kidney Int 42:407-
416, 1992

65. Eschbach JW, Abdulhadi MH, Browne JK, Delano
BG, Downing MR, Egrie JC, Evans RW, Friedman EA,
Graber SE, Haley NR, Korbet S, Krantz SB, Lundin AP,
Nissenson AR, Ogden DA, Paganini EP, Rader B, Rutsky
EA, Stivelman J, Stone WJ Teschan P, Van Stone JC, Van
Wyck DB, Zuckerman K, Adamson J: Recombinant human
erythropoietin in anemic patients with end-stage renal dis-

GUIDELINES FOR ANEMIA OF CHRONIC KIDNEY DISEASES224



ease. Results of a phase III multicenter clinical trial. Ann
Intern Med 111:992-1000, 1989

66. US Renal Data System: The USRDS Dialysis Morbid-
ity and Mortality Study (Wave 1). in National Institutes of
Health, National Institute Diabetes and Digestive and Kid-
ney Diseases (eds): US Renal Data System 1996 Annual
Data Report. Bethesda, MD, 1996, pp 45-67

67. Wolfe R, Port F, Wess R, Bloembergen W, Hirth R,
Young E, Ojo A, Strawderman R, Parekh R, Stack A,
Tedeschi P, Hulbert-Shearon T, Ashby V, Callard S, Hanson
J, Jain A, Meyers-Purkiss A, Roys E, Brown P, Wheeler J,
Jones C, Greer J, Agoda L: Introduction to the Excerpts
From the United States Renal Data System 1999 Annual
Data Report. Am J Kidney Dis 34:S1-S3, 1999 (suppl)

68. Guthrie M, Cardenas D, Eschbach JW, Haley NR,
Robertson HT, Evans RW: Effects of erythropoietin on
strength and functional status of patients on hemodialysis.
Clin Nephrol 39:97-102, 1993

69. Fellner SK, Lang RM, Neumann A, Korcarz C, Borow
KM: Cardiovascular consequences of correction of the ane-
mia of renal failure with erythropoietin. Kidney Int 44:1309-
1315, 1993

70. Low-Friedrich I, Grutzmacher P, Marz W, Bergmann
M, Schoeppe W: Long-term echocardiographic examina-
tions in chronic hemodialysis patients substituted with recom-
binant human erythropoietin. Blood Purif 8:272-278, 1990

71. Junor BJR: Hematocrit above 30% in continuous
ambulatory peritoneal dialysis patients treated with erythro-
poietin is harmful. Perit Dial Int 13:S535-S537, 1993

72. Shinaberger JH, Miller JH, Gardner PW: Erythropoi-
etin alert: Risks of high hematocrit hemodialysis. ASAIO
Trans 34:179-184, 1988

73. Canadian Erythropoietin Study Group: Association
between recombinant human erythropoietin and quality of
life and exercise capacity of patients receiving haemodialy-
sis. BMJ 300:573-578, 1990

74. McMahon LP, Johns JA, McKenzie A, Austin M,
Fowler R, Dawborn JK: Haemodynamic changes and physi-
cal performance at comparative levels of haemoglobin after
long-term treatment with recombinant erythropoietin. Neph-
rol Dial Transplant 7:1199-1206, 1992

75. McMahon LP, Dawborn JK: Subjective quality of life
assessment in hemodialysis patients at different levels of
hemoglobin following use of recombinant human erythropoi-
etin. Am J Nephrol 12:162-169, 1992

76. Sangkabutra T, McKenna MJ, Mason K, Crankshaw
DP, McMahon LP: Effects of K�, pH, and different haemo-
globin levels on maximal exercise performanace in haemodi-
alysis patients. Nephrology 2:S304A, 1997 (abstr)

77. Mason K, Skinner S, Sangkabutra T, Burge C, Mc-
Mahon L: Effects of erythropoietin on cardiac mass and
function, ambulatory blood pressure and blood volumes at
comparative levels of haemoglobin. Nephrology 2:S304A,
1997 (abstr)

78. Mason K, McMahon LP: Normalization of haemoglo-
bin in haemodialysis patients: A comparative study. Nephrol-
ogy 2:S305A, 1997 (abstr)

79. McMahon LP, McKenna MJ, Sangkabutra T, Mason
K, Sostaric S, Skinner SL, Burge C, Murphy B, Crankshaw
D: Physical performance and associated electrolyte changes
after haemoglobin normalization: A comparative study in

haemodialysis patients. Nephrol Dial Transplant 14:1182-
1187, 1999

80. Besarab A, Bolton WK, Browne JK, Egrie JC, Nissen-
son AR, Okamoto DM, Schwab SJ, Goodkin DA: The
effects of normal as compared with low hematocrit values in
patients with cardiac disease who are receiving hemodialysis
and Epoetin. N Engl J Med 339:584-590, 1998

81. Foley RN, Parfrey PS, Harnett JD, Kent GM, Murray
DC, Barre PE: The impact of anemia on cardiomyopathy,
morbidity, and mortality in end-stage renal disease. Am J
Kidney Dis 28:53-61, 1996

82. Ritz E, Zeier M, Schneider P, Jones E: Cardiovascular
mortality of patients with polycystic kidney disease on
dialysis: Is there a lesson to learn? Nephron 66:125-128,
1994

83. Madore F, Lowrie EG, Brugnara C, Lew NL, Lazarus
JM, Bridges K, Owen WF: Anemia in hemodialysis patients:
Variables affecting this outcome predictor. J Am Soc Neph-
rol 8:1921-1929, 1997

84. Locatelli F, Conte F, Marcelli D: The impact of
haematocrit levels and erythropoietin treatment on overall
and cardiovascular mortality and morbidity—The experi-
ence of the Lombardy Dialysis Registry [news]. Nephrol
Dial Transplant 13:1642-1644, 1998

85. Ma JZ, Ebben J, Xia H, Collins AJ: Hematocrit level
and associated mortality in hemodialysis patients. J Am Soc
Nephrol 10:610-619, 1999

86. Levin A, Singer J, Thompson CR, Ross H, Lewis M:
Prevalent left ventricular hypertrophy in the predialysis
population: Identifying opportunities for intervention. Am J
Kidney Dis 27:347-354, 1996

87. Greaves SG, Gamble GD, Collins JF, Whalley GA,
Sharpe DN: Determinants of left ventricular hypertrophy
and systolic dysfunction in chronic renal failure. Am J
Kidney Dis 24:768-776, 1994

88. London GM, Fabiani F, Marchais SJ, De Vernejoul
M, Guerin AP, Safar ME, Metivier F, Llach F: Uremic
cardiomyopathy: An inadequate left ventricular hypertro-
phy. Kidney Int 31:973-980, 1987

89. Silberberg JS, Rahal DP, Patton DR, Sniderman AD:
Role of anemia in the pathogenesis of left ventricular hyper-
trophy in end-stage renal disease. Am J Cardiol 64:222-224,
1989

90. Silberberg JS, Barre PE, Prichard SS, Sniderman AD:
Impact of left ventricular hyperytrophy on survival in end-
stage renal disease. Kidney Int 36:286-290, 1989

91. Silberberg J, Racine N, Barre P, Sniderman AD:
Regression of left ventricular hypertrophy in dialysis pa-
tients following correction of anemia with recombinant
human erythropoietin. Can J Cardiol 6:1-4, 1990

92. Nagao K, Tsuchihashi K, Ura N, Nakata T, Shi-
mamoto K: Appropriate hematocrit levels of erythropoietin
supplementary therapy in end-stage renal failure compli-
cated by coronary artery disease. Can J Cardiol 13:747-753,
1997

93. Levin NW, Lazarus JM, Nissenson AR: Maximizing
patient benefits with epoetin alfa therapy. National Coopera-
tive rHu Erythropoietin Study in patients with chronic renal
failure—An interim report. Am J Kidney Dis 22:3-12, 1993

94. Ifudu O, Paul H, Mayers JD, Cohen LS, Brezsnyak
WF, Herman AI, Avram MM, Friedman EA: Pervasive

REFERENCES S225



failed rehabilitations in center-based maintenance hemodialy-
sis patients. Am J Kidney Dis 23:394-400, 1994

95. Erythropoietin, in Disney APS (ed): Report of the
Australia and New Zealand Dialysis and Transplant Registry
(ANZDATA) (ed 16). Woodville, Adelaide, South Australia,
1993, pp 130-135

96. Auer J, Simon G, Stevens J, Griffiths P, Howarth D,
Anastassiades E, Gokal R, Oliver D: Quality of life improve-
ments in CAPD patients treated with subcutaneously admin-
istered erythropoietin for anemia. Perit Dial Int 12:40-42,
1992

97. Valderrabano F: Erythropoetin in chronic renal fail-
ure. Kidney Int 50:1373-1391, 1996

98. Walls J: Haemoglobin—Is more better? Nephrol Dial
Transplant 10:56-61, 1995

99. Paganini EP: In search of an optimal hematocrit level
in dialysis patients: Rehabilitation and quality-of-life impli-
cations. Am J Kidney Dis 24:S10-S16, 1994

100. Revicki DA, Brown RE, Feeny DH, Henry D, Tee-
han BP, Rudnick MR, Benz RL: Health-related quality of
life associated with recombinant human erythropoietin
therapy for predialysis chronic renal disease patients. Am J
Kidney Dis 25:548-554, 1995

101. Brown CD, Friedman EA: Clinical and blood rheo-
logic stability in erythropoietin-treated predialysis patients.
Am J Nephrol 10:29-33, 1990

102. Abraham PA, Opsahl JA, Rachael KM, Asinger R,
Halstenson CE: Renal function during erythropoietin therapy
for anemia in predialysis chronic renal failure patients. Am J
Nephrol 10:128-136, 1990

103. Eschbach JW, Kelly MR, Haley NR, Abels RI,
Adamson JW: Treatment of the anemia of progressive renal
failure with recombinant human erythropoietin. N Engl
J Med 321:158-163, 1989

104. Lim VS, DeGowin RL, Zavala D, Kirchner PT,
Abels R, Perry P, Fangman J: Recombinant human erythro-
poietin treatment in pre-dialysis patients: A double-blind
placebo-controlled trial. Ann Intern Med 110:108-114, 1989

105. Kleinman KS, Schweitzer SU, Perdue ST, Bleifer
KH, Abels RI: The use of recombinant human erythropoietin
in the correction of anemia in predialysis patients and its
effect on renal function: A double-blind, placebo-controlled
trial. Am J Kidney Dis 14:486-495, 1989

106. Koch KM, Koene RAP, Messinger D, Quarder O,
Scigalla P: The use of epoetin beta in anemic predialysis
patients with chronic renal failure. Clin Nephrol 44:201-
208, 1995

107. Clyne N, Jogestrand T: Effect of erythropoeitin
treatment on physical exercise capacity and renal function in
predialytic uremic patients. Nephron 60:390-396, 1992

108. Suzuki M, Tsutsui M, Yokoyama A, Hirasawa Y:
Normalization of hematocrit with recombinant human eryth-
ropoietin in chronic hemodialysis patients does not fully
improve their exercise tolerance abilities. Artif Organs 19:
1258-1261, 1995

109. Xia H, Ebben J, Ma JZ, Collins AJ: Hematocrit
levels and hospitalization risks in hemodialysis patients.
J Am Soc Nephrol 10:1309-1316, 1999

110. Bonelli C, Alvarez S, Alsina M, Brana D: Search of
a good hematocrit (H) for patients (P) with a chronic renal

insuffiency in hemodialysis. International Congress of Ne-
phrology, Madrid, Spain, July 1995, p 507

111. Eschbach JW, Glenny R, Robertson T, Guthrie M,
Rader B, Evans R, Chandler W, Davidson R, Easterling T,
Denney J, Schneider G: Normalizing the hematocrit (HCT)
in hemodialysis patients (HDP) with EPO improves quality
of life (Q/L) and is safe. J Am Soc Nephrol 4:425A, 1993
(abstr)

112. Riedel E, Hampl H, Nundel M, Bosch J: Total
correction of renal anemia improves malnutrition and amino
acid (AA) metabolism in hemodialysis (HD) patients. J Am
Soc Nephrol 7:1462A, 1996 (abstr)

113. Barany P, Svedenhag J, Katzarski K, Divino Filho J,
Norman R, Freyschiuss U, Bergstrom J: Physiological ef-
fects of correcting anemia in hemodialysis patients to a
normal HB. J Am Soc Nephrol 7:1472A, 1996 (abstr)

114. Benz RL, Pressman MR, Hovick ET, Peterson DD:
Relationship between anemia of chronic renal failure (ACRF)
and sleep, sleep disorders, and daytime alertness: Benefits if
normalizing hematocrit (The Sleepo Trial). J Am Soc Neph-
rol 7:1473A, 1996 (abstr)

115. Mak HK: Human recombinant erythropoietin (EPO)
corrects insulin resistance and hyperlipidemia in patients on
peritoneal dialysis(PD). J Am Soc Nephrol 7:1490A, 1996
(abstr)

116. Nissenson AR, Pickett JL, Theberge DC, Brown
WS, Schweitzer SV: Brain function is better in hemodialysis
(HD) patients (PTS) when hematocrit (HCT) is normalized
with erythropoeitin (rHuEPO). J Am Soc Nephrol 7:1459A,
1996 (abstr)

117. Avram MM, Sreedhara R, Batish R, Chattopadhyay
J, Mittman N: Characteristics of very long-term survivors on
hemodialysis (HD); survival up to 30 years. J Am Soc
Nephrol 7:1462A, 1996 (abstr)

118. Hayashi T, Shoji T, Okada N, Nakanishi T, Tsubaki-
hara Y: To see the effect on circadian blood pressure varia-
tion and cardiac function in predialysis patients when hemat-
ocrit is normalized to 40% following recombinant human
erythropoietin. Nephrology 2:S304A, 1997 (abstr)

119. Picket JL, Theberge DC, Brown WS, Schweitzer
SU, Nissenson AR: Normalizing hematocrit in dialysis pa-
tients improves brain function. Am J Kidney Dis 33:1122-
1130, 1999

120. Metry G, Wikstrom B, Valind S, Sandhagen B,
Linde T, Beshara S, Langstrom B, Danielson BG: Effect of
normalization of hematocrit on brain circulation and metab-
olism in hemodialysis patients. J Am Soc Nephrol 10:854-
863, 1999

121. Benz R, Pressman M, Hovick E, Peterson D: A
preliminary study of the effects of correction of anemia with
recombinant human erythropoietin therapy on sleep, sleep
disorders, and daytime sleepiness in hemodialysis patients:
The SLEEPO Study. Am J Kidney Dis 34:1089-1095, 1999

122. Christopherson R, Frank S, Norris E, Rock P, Got-
tlieb S, Beattie C: Low postoperative hematocrit is associ-
ated with cardiac ischemia in high-risk patients. Anesthesiol-
ogy 75:99A, 1991 (abstr)

123. Donadio JV Jr, Hart GM, Bergstralh EJ, Holley KE:
Prognostic determinants in lupus nephritis: A long-term
clinicopathologic study. Lupus 4:109-115, 1995

124. Abels RI: Use of recombinant human erythropoietin

GUIDELINES FOR ANEMIA OF CHRONIC KIDNEY DISEASES226



in the treatment of anemia in patients who have cancer.
Semin Oncol 19:29-35, 1992

125. Klein L: Premature birth and maternal prenatal
anemia. Am J Obstet Gynecol 83:588-590, 1961

126. Wood JH, Kee DB: Hemorrheology of the cerebral
circulation in stroke. Stroke 16:765-772, 1985

127. Crowell JW, Smith EE: Determinant of the optimal
hematocrit. J Appl Physiol 22:501-504, 1967

128. Kusunoki M, Kimura K, Nakamura M, Isaka Y,
Yoneda S, Abe H: Effects of hematocrit variations on cere-
bral blood flow and oxygen transport on ischemic cerebrovas-
cular disease. J Cerebral Blood Flow Metab 1:413-417, 1981

129. Berns J, Rudnick M, Cohen R, Bower J, Wood B:
Effects of normal hematocrit on ambulatory blood pressure
in epoetin-treated hemodialysis patients with cardiac dis-
ease. Kidney Int 56:253-260, 1999

130. Iseki K, Nishime K, Uehara H, Tokuyama K, Toma
S, Yoshihara K, Kowatari T, Terukina S, Osawa A, Fukiyama
K: Increased risk of cardiovascular disease with erythropoi-
etin in chronic dialysis patients. Nephron 72:30-36, 1996

131. Charles G, Lundin AP III, Delano BG, Brown C,
Friedman EA: Absence of anemia in maintenance hemodialy-
sis. Int J Artif Organs 4:277-279, 1981

132. Council on Food and Nutrition, Committee on Iron
Deficiency: Iron deficiency in the United States. JAMA
203:119-124, 1968

133. Muller-Wiefel DE, Sinn H, Gilli G, Scharer K:
Hemolysis and blood loss in children with chronic renal
failure. Clin Nephrol 8:481-486, 1977

134. Allegra V, Mengozzi G, Vasile A: Iron deficiency in
maintenance hemodialysis patients: Assessment of diag-
nosis criteria and of three different iron treatments. Nephron
57:175-182, 1991

135. Horl WH, Dreyling K, Steinhauer HB, Engelhardt
R, Schollmeyer P: Iron status of dialysis patients under
rhuEPO therapy. Contrib Nephrol 87:78-86, 1990

136. Fishbane S, Lynn RI: The efficacy of iron dextran
for the treatment of iron deficiency in hemodialysis patients.
Clin Nephrol 44:238-240, 1995

137. Fishbane S, Kowalski EA, Imbriano LJ, Maesaka
JK: The evaluation of iron status in hemodialysis patients.
J Am Soc Nephrol 7:2654-2657, 1996

138. Tarng DC, Chen TW, Huang TP: Iron metabolism
indices for early prediction of the response and resistance to
erythropoietin therapy in maintenance hemodialysis pa-
tients. Am J Nephrol 15:230-237, 1995

139. Fishbane S, Frei GL, Maesaka J: Reduction in
recombinant human erythropoietin doses by the use of
chronic intravenous iron supplementation. Am J Kidney Dis
26:41-46, 1995

140. Silverberg DS, Blum M, Peer G, Kaplan F, Iaina A:
Intravenous ferric saccharate as an iron supplement in dialy-
sis patients. Nephron 72:413-417, 1996

141. Macdougall IC, Tucker B, Thompson J, Tomson
CRV, Baker LRI, Raine AEG: A randomized controlled
study of iron supplementation in patients treated with eryth-
ropoietin. Kidney Int 50:1694-1699, 1996

142. Granolleras C, Oules R, Branger B, Fourcade J,
Shaldon S: Iron supplementation of hemodialysis patients
receiving recombinant human erythropoietin therapy, in
Bauer C, Koch KM, Scigalla P, Wieczorek L (eds): Erythro-

poietin: Molecular Physiology and Clinical Applications.
New York, NY, Marcel Dekker, 1993, pp 211-218

143. Rosenlof K, Kivivuori SM, Gronhagen-Riska C,
Teppo AM, Slimes MA: Iron availability is transiently
improved by intravenous iron medication in patients on
chronic hemodialysis. Clin Nephrol 43:249-255, 1995

144. Taylor JE, Peat N, Porter C, Morgan AG: Regular,
low-dose intravenous iron therapy improves response to
erythropoietin in haemodialysis patients. Nephrol Dial Trans-
plant 11:1079-1083, 1996

145. Sunder-Plassmann G, Horl WH: Importance of iron
supply for erythropoietin therapy. Nephrol Dial Transplant
10:2070-2076, 1995

146. Sepandj F, Jindal K, West M, Hirsch D: Economic
appraisal of maintenance parenteral iron administration in
treatment of the anaemia in chronic haemodialysis patients.
Nephrol Dial Transplant 11:319-322, 1996

147. Fishbane S, Lynn RI: The utility of zinc protoporphy-
rin for predicting the need for intravenous iron therapy in
hemodialysis patients. Am J Kidney Dis 25:426-432, 1995

148. Horl WH: How to get the best out of r-HuEPO.
Nephrol Dial Transplant 10:92-95, 1995

149. Bergmann M, Grutzmacher P, Heuser J, Kaltwasser
JP: Iron metabolism under rEPO therapy in patients on
maintenance hemodialysis. Int J Artif Organs 13:109-112,
1990

150. Wingard RL, Parker RA, Ismail N, Hakim RM:
Efficacy of oral iron therapy in patients receiving recombinant
human erythropoietin. Am J Kidney Dis 25:433-439, 1995

151. Kooistra MP, van Es A, Struyvenberg A, Marx JJM:
Iron metabolism in patients with the anaemia of end-stage
renal disease during treatment with recombinant human
erythropoietin. Br J Haematol 79:634-639, 1991

152. Dunea G, Swagel MA, Bodiwala U, Arruda JAL:
Intradialytic oral iron therapy. Int J Artif Organs 17:261-264,
1994

153. Anastassiades EG, Howarth D, Howarth J, Shanks
D, Waters HM, Hyde K, Geary CG, Yin JAL, Gokal R:
Monitoring of iron requirements in renal patients on erythro-
poietin. Nephrol Dial Transplant 8:846-853, 1993

154. Gokal R, Millard PR, Weatherall DJ, Callender
STE, Ledingham JGG, Oliver DO: Iron metabolism in
haemodialysis patients: A study of the management of iron
therapy and overload. Q J Med 48:369-391, 1979

155. Eschbach JW, Cook JD, Scribner BH, Finch CA:
Iron balance in hemodialysis patients. Ann Intern Med
87:710-713, 1977

156. Milman N: Iron absorption measured by whole body
counting and the relation to marrow iron stores in chronic
uremia. Clin Nephrol 17:77-81, 1982

157. Donnelly SM, Posen GA, Ali MAM: Oral iron
absorption in hemodialysis patients treated with erythropoi-
etin. Clin Invest Med 14:271-276, 1991

158. Eschbach JW, Cook JD, Finch CA: Iron absorption
in chronic renal disease. Clin Sci 38:191-196, 1970

159. Hughes RT, Smith T, Hesp R, Hulme B, Dukes DC,
Bending MB, Pearson J, Raja KB, Cotes PM, Pippard MJ:
Regulation of iron absorption in iron loaded subjects with
end stage renal disease: Effects of treatment with recombi-
nant human erythropoietin and reduction of iron stores. Br J
Haematol 82:445-454, 1992

REFERENCES S227



160. Skikne BS, Cook JD: Effect of enhanced erythropoi-
esis on iron absorption. J Lab Clin Med 120:746-751, 1992

161. Suh H, Wadhwa NK: Iron dextran treatment in
peritoneal dialysis patients on erythropoietin. Adv Perit Dial
8:464-466, 1992

162. Senger JM, Weiss RJ: Hematologic and erythropoi-
etin responses to iron dextran in the hemodialysis environ-
ment. ANNA J 23:319-323, 1996

163. Schaefer RM, Schaefer L: Management of iron
substitution during rHuEPO therapy in chronic renal failure
patients. Erythropoiesis 3:71-75, 1992

164. Besarab A, Kaiser JW, Frinak S: A study of paren-
teral iron regimens in hemodialysis patients. Am J Kidney
Dis 34:21-28, 1999

165. Nissenson A, Lindsay R, Swan S, Seligman P, Stro-
bos J: Sodium ferric gluconate complex in sucrose is safe
and effective in hemodialysis patients: North American
clinical trial. Am J Kidney Dis 33:471-482, 1999

166. Sunder-Plassmann G, Horl WH: Safety of intrave-
nous injection of iron saccharate in hemodialysis patients.
Nephrol Dial Transplant 11:1797-1802, 1996

167. Zanen AL, Adriaansen HJ, van Bommel EFH, Post-
huma R, de Jong GMT: Oversaturation of transferin after
intravenous ferric gluconate (Ferrlecit) in haemodialysis
patients. Nephrol Dial Transplant 11:820-824, 1996

168. Roe DJ, Harford AM, Zager PG, Wiltbank TB,
Kirlin L, Della Valle AM, Van Wyck DB: Iron utilization
after iron dextran administration for iron deficiency in pa-
tients with dialysis-associated anemia: A prospective analy-
sis and comparison of two agents. Am J Kidney Dis 28:855-
860, 1996

169. Henderson PA, Hillman RS: Characteristics of iron
dextran utilization in man. Blood 34:357-375, 1969

170. Jabs K, Alexander S, McCabe D, Lerner G, Harmon
W: Primary results from the U.S. multicenter pediatric
recombinant erythropoietin study. J Am Soc Nephrol 5:456A,
1994 (abstr)

171. Horl WH, Cavill I, Macdougall IC, Schaefer RM,
Sunder-Plassmann G: How to diagnose and correct iron
deficiency during r-huEPO therapy—A concensus report.
Nephrol Dial Transplant 11:246-250, 1996

172. Navarro JF, Teruel JL, Liano F, Marcen R, Ortuno J:
Effectiveness of intravenous administration of Fe-glu-
conate-Na complex to maintain adequate body iron stores in
hemodialysis patients. Am J Nephrol 16:268-272, 1996

173. Rolla G, Bucca C, Brussino L: Systemic reactions to
intravenous iron therapy patients receiving angiotensin con-
verting enzyme inhibitor. J Allergy Clin Immunol 93:1074-
1075, 1994

174. Nyvad O, Danielsen H, Madsen S: Intravenous
iron-sucrose complex to reduce epoetin demand in dialysis
patients. Lancet 344:1305-1306, 1994

175. Pascual J, Teruel JL, Liano F, Sureda A, Ortuno J:
Serious adverse reactions after intravenous ferric gluconate.
Nephrol Dial Transplant 7:271-272, 1992

176. Hamstra RD, Block MH, Schocket A: Intravenous
iron dextran in clinical medicine. JAMA 243:1726-1731,
1980

177. Stivelman JC: Optimization of iron therapy in hemo-
dialysis patients treated with rHuEPO. Semin Dial 7:288-
292, 1994

178. St. Peter WL, Lambrecht LJ, Macres M: Random-
ized cross-over study of adverse reactions and cost implica-
tions of intravenous push compared with infusion of iron
dextran in hemodialysis patients. Am J Kidney Dis 28:523-
528, 1996

179. Seligman, PA, Schleicher RB: Comparison of meth-
ods used to measure serum iron in the presence of iron
gluconate or iron dextran. Clin Chem 45: 898-901, 1999

180. Faich G, Strobos J: Sodium ferric gluconate com-
plex in sucrose: Safer intravenous iron therapy than iron
dextrans. Am J Kidney Dis 33:464-470, 1999

181. Fishbane S, Ungureanu V, Maesaka JK, Kaupke CJ,
Lim V, Wish J: Safety of intravenous iron dextran in hemodi-
alysis patients. Am J Kidney Dis 28:529-534, 1996

182. Lawrence R: Development and comparison of iron
dextran products. PDA J Phar Sci Technol 52:190-197, 1998

183. Kalantar-Zadeh K, Hoffken B, Wunsch H, Fink H,
Kleiner M, Luft FC: Diagnosis of iron deficiency anemia in
renal failure patients during the post-erythropoietin era.
Am J Kidney Dis 26:292-299, 1995

184. Auerbach M, Chaudhry M, Goldman H, Ballard H:
Value of methylprednisolone in prevention of the arthralgia-
myalgia syndrome associated with the total dose infusion of
iron dextran: A double blind randomized trial. J Lab Clin
Med 131:257-260, 1999

185. Auerbach M, Winchester J, Wahab A, Richards K,
McGinley M, Hall F, Anderson J, Briefel G: A randomized
trial of three iron dextran infusion methods for anemia in
EPO-treated dialysis patients. Am J Kidney Dis 31:81-86,
1998

186. Ahsan N: Intravenous infusion of total dose iron is
superior to oral iron in treatment of anemia in peritoneal
dialysis patients: A single center comparative study. J Am
Soc Nephrol 664-668, 1998

187. Ali M, Fayemi AO, Rigolosi R, Frascino J, Marsden
JT, Malcom D: Hemosiderosis in hemodialysis patients. An
autopsy study of 50 cases. JAMA 244:343-345, 1980

188. Bregman H, Gelfand MC, Winchester JF, Manz HJ,
Knepshield JH, Schreiner GE: Iron-overload-associated my-
opathy in patients on maintenance haemodialysis: A histo-
compatibility-linked disorder. Lancet 2:882-885, 1980

189. Hakim RM, Stivelman JC, Schulman G, Fosburg M,
Wolfe L, Imber MJ, Lazarus JM: Iron overload and mobili-
zation in long-term hemodialysis patients. Am J Kidney Dis
10:293-299, 1987

190. Stivelman J, Schulman G, Fosburg M, Lazarus JM,
Hakim RM: Kinetics and effficacy of deferoxamine in iron-
overloaded hemodialysis patients. Kidney Int 36:1125-1132,
1989

191. Ward CG: Iron and infection: New developments
and their implications. J Trauma 41:356-364, 1996

192. Weinberg ED: Iron withholding: A defense against
infection and neoplasia. Physiol Rev 64:65-102, 1984

193. Seifert A, Von Herrath D, Schaefer K: Iron overload,
but not treatment with desferrioxamine favours the develop-
ment of septecemia in patients on maintenance hemodialy-
sis. Q J Med 65:1015-1024, 1987

194. Hoen B, Kessler M, Hestin D, Fondu P: Risk factors
for bacterial infections in chronic haemodialysis adult pa-
tients: A multicenter prospective survey. Nephrol Dial Trans-
plant 10:377-381, 1995

GUIDELINES FOR ANEMIA OF CHRONIC KIDNEY DISEASES228



195. Cantinieaux BF, Boelaert J, Hariga CF, Fondu P:
Impaired neurophil defense against Yersinia enterocolitica in
patients with iron overload who are undergoing dialysis.
J Clin Lab Med 111:524-528, 1988

196. Flament J, Goldman M, Waterlot Y, Dupont E,
Wybran J, Vanherweghem J-L: Impairment of phagocyte
oxidative metabolism in hemodialyzed patients with iron
overload. Clin Nephrol 25:227-230, 1986

197. Hershko C, Peto TEA, Weatherall DJ: Iron and
infection. BMJ 296:660-664, 1988

198. Hoen B, Paul-Dauphin A, Hestin D, Kessler M:
EPIBACDIAL: A multicenter prospective study of risk fac-
tors for bacteremia in chronic hemodialysis patients. J Am
Soc Nephrol 1999

199. Waterlot Y, Cantinieaux BF, Harriga-Muller C, Maerte-
laere-Laurent E, Fondu P: Impaired phagocytic activity of
neutrophils in patients receiving hemodialysis: The critical
role of iron overload. BMJ 291:501A, 1985 (abstr)

200. Boelaert JR, Cantinieaux BF, Hariga CF, Fondu PG:
Recombinant erythropoietin reverses polymorphonuclear
granulocyte dysfunction in iron-overloaded dialysis pa-
tients. Nephrol Dial Transplant 5:504-507, 1990

201. Patruta SI, Edlinger R, Sunder-Plassmann G, Hörl
WH: Neutrophil impairment associated with iron therapy in
hemodialysis patients with functional iron deficiency. J Am
Soc Nephrol 9:655-663, 1998

202. Lazarus JM, Hakim RM, Newell J: Recombinant
human erythropoietin and phlebotomy in the treatment of
iron overload in chronic hemodialysis patients. Am J Kidney
Dis 16:101-108, 1990

203. Sunder-Plassmann G, Horl WH: Erythropoietin and
iron. Clin Nephrol 47:141-157, 1997

204. Johnson CA, Rosowski E, Zimmerman SW: A pro-
spective open-label study evaluating the efficacy and ad-
verse reactions of the use of Niferex-150 in ESRD patients
receiving EPOGEN. Adv Perit Dial 8:444-447, 1992

205. Piraio-Biroli G, Bothwell TH, Finch CA: Iron absorp-
tion. II. The absorption of radioiron administered with a
standard meal in man. J Lab Clin Med 51:24-36, 1958

206. Rastogi SP, Padilla F, Boyd CM: Effect of aluminum
oxide on iron absorption. Kidney Int 8:417, 1975

207. Bothwell TH, Piraio-Biroli G, Finch CA: Iron absorp-
tion. I. Factors influencing absorption. J Lab Clin Med
51:24-36, 1958

208. Drug Topics: Rx Products, in Medical Economics
Company (ed):1996 Red Book. Montvale, NJ, Medical
Economics, 1996, pp 93-512

209. McMahon FG, Vargas R, Ryan M, Jain AK, Abels
RI, Perry B, Smith IL: Pharmacokinetics and effects of
recombinant human erythropoietin after intravenous and
subcutaneous injections in healthy volunteers. Blood 76:
1718-1722, 1990

210. Macdougall IC, Roberts DE, Coles GA, Williams
JD: Clinical pharmacokinetics of epoetin (recombinant hu-
man erythropoietin). Clin Pharmacokinet 20:99-113, 1991

211. Brockmoller J, Kochling J, Weber W, Looby M,
Roots I, Neumayer H-H: The pharmacokinetics and pharma-
codynamics of recombinant human erythropoietin in haemo-
dialysis patients. Br J Clin Pharmacol 34:499-508, 1992

212. Albitar S, Meulders Q, Hammoud H, Soutif C,
Bouvier P, Pollini J: Subcutaneous versus intravenous admin-

istration of erythropoietin improves its efficiency for the
treatment of anaemia in haemodialysis patients. Nephrol
Dial Transplant 10:40-43, 1995

213. Salmonson T: Pharmacokinetic and pharmacody-
namic studies on recombinant human erythropoietin. Scand
J Urol Nephrol Suppl 129:1-66, 1990

214. Barnas U, Walzinger U, Peer G, Graf H: Subcutane-
ous versus intravenous adminstration of human recombinant
erythropoietin in patients on chronic hemodialysis. Nefrolo-
gia 10:116-120, 1990

215. Besarab A, Flaherty KK, Erslev AJ, McCrea JB,
Vlasses PH, Medina F, Caro J, Morris E: Clinical pharmacol-
ogy and economics of recombinant erythropoietin end-stage
renal disease: The case for subcutaneous administration.
J Am Soc Nephrol 3:1405-1416, 1992

216. Bommer J, Ritz E, Weinreich T, Bommer G, Ziegler
T: Subcutaneous erythropoietin. Lancet 2:406 1988

217. Bommer J, Barth HP, Zeier M, Mandelbaum A,
Bommer G, Ritz E, Reichel H, Novack R: Efficacy compari-
son of intravenous and subcutaneous recombinant human
erythropoietin administration in hemodialysis patients. Con-
trib Nephrol 88:136-143, 1991

218. Bommer J, Samtleben W, Koch KM, Baldamus CA,
Grutzmacher P, Scigalla P: Variations of recombinant human
erythropoietin application in hemodialysis patients. Contrib
Nephrol 76:149-158, 1989

219. Boran M, Dalva I, Yazicioglu A, Cetin S: Subcutane-
ous versus intravenous recombinant human erythropoietin
administration in hemodialysis patients. Nephron 63:113-
114, 1993

220. Bovy C, Dubois B, Popovic A, Saint-Remy A,
Rorive G: Mode of administration of erythropoietin (rHu-
Epo)—Does it matter? Nephrol Dial Transplant 10:1951-
1952, 1995 (abstr)

221. Canaud B, Bennhold I, Delons S, Donnadieu P,
Foret M, Franz H, Hoerl W, Koesters W, Kreusser W, That
HT, Polito-Bouloux C, Mion C, Poisson D: What is the
optimum frequency of administration of r-huepo for correct-
ing anemia in hemodialysis patients? Dial Transplant 24:306-
309, 1995

222. Castro MCM, Abensur H, Centenno JR, Romao JE,
Marcondes M, Sabbaga E: Comparison between thrice-
weekly intravenous and once-weekly subcutaneous adminis-
tration of rHuEPO in hemodialysis patients. Dial Transplant
23:132-143, 1994

223. Eidemak I, Friedberg MO, Ladefoged SD, Lok-
kegaard H, Pedersen E, Skielboe M: Intravenous versus
subcutaneous administration of recombinant human erythro-
poietin in patients on haemodialysis and CAPD. Nephrol
Dial Transplant 7:526-529, 1992

224. Granolleras C, Branger B, Deschodt G, Shaldon S,
Nonnast-Daniel B, Pollok M: Daily self-administered subcu-
taneous erythropoietin: Benefits in haemodialysis patients.
Contrib Nephrol 82:49-54, 1990

225. Kaufmann J, Reda D: A comparison of subcutane-
ous (SC) and intravenous (IV) administration of recombi-
nant human erythropoietin (rHuEPO) in hemodialysis (HD)
patients. J Am Soc Nephrol 7:1450A, 1996 (abstr)

226. Lim VS, Kirchner PT, Fangman J, Richmond J,
DeGowin RL: The safety and the efficacy of maintenance

REFERENCES S229



therapy of recombinant human erythropoietin in patients
with renal insufficiency. Am J Kidney Dis 14:496-506, 1989

227. Macdougall IC, Roberts DE, Coles GA, Williams
JD: Intraperitoneal erythropoietin. Lancet 1:1389 1989

228. McMahon LP, Dawborn JK: Experience with low
dose intravenous and subcutaneous administration of recom-
binant human erythropoietin. Am J Nephrol 10:404-408,
1990

229. Morsli R, Moriniere P, El Esper N, Boitte F, Woller
M, Fournier A: Comparison of s.c. and i.v. RHuEpo in
patients on chronic hemodialysis: Comparable correction of
anaemia with lower doses because of greater bioavailability.
Nephrol Dial Transplant 8:961A, 1993 (abstr)

230. Muirhead N, Churchill DN, Goldstein M, Nadler SP,
Posen G, Wong C, Slaughter D, Laplante P: Comparison of
subcutaneous and intravenous recombinant human erythro-
poietin for anemia in hemodialysis patients with significant
comorbid disease. Am J Nephrol 12:303-310, 1992

231. Navarro JF, Teruel JL, Marcen R, Ortuno J: Improve-
ment of erythropoietin-induced hypertension in hemodialy-
sis patients changing the administration route. Scand J Urol
Nephrol 26:331-340, 1995

232. Paganini EP, Eschbach JW, Lazarus JM, Van Stone
JC, Gimenez LF, Graber SE, Egrie JC, Okamoto DM,
Goodkin DA: Intravenous versus subcutaneous dosing of
epoetin alfa in hemodialysis patients. Am J Kidney Dis
26:331-340, 1995

233. Parker KP, Mitch WE, Stivelman JC, Macon EJ,
Bailey JL, Sands JM: Safety and efficacy of low-dose
subcutaneous erythropoietin in hemodialysis patients. J Am
Soc Nephrol 8:288-293, 1997

234. Pelegri A, Roca R, Rodriguez JA, Fort J, Mayo A,
Camps J: Valuation upon the route of administration or
RHuEPO in hemodialysis patients (HP). Kidney Int 44:
1430A, 1993 (abstr)

235. Schaller R, Sperschneider H, Thieler H, Dutz W,
Hans S, Voigt D, Marx M, Engelmann J, Schoter KH,
Scigalla P, Stein G: Differences in intravenous and subcuta-
neous application of recombinant human erythropoietin: A
multicenter trial. Artif Organs 18:552-558, 1994

236. Steffensen G, Aunsholt NA, Ahlbom G: Compara-
tive crossover study of intravenously and subcutaneously
administered recombinant human erythropoietin in hemodi-
alysis patients. Blood Purif 10:241-247, 1992

237. Stevens JM, Strong CA, Oliver DO, Winearls CG,
Cotes PM: Subcutaneous erythropoietin and peritoneal dialy-
sis (letter). Lancet 1:1388-1389, 1989

238. Vidau P, Peral V, Tome R, Rodriguez C, Herrera J:
Intravenous (i.v.) versus subcutaneous (s.c.) administration
of erythropoietin (EPO) in hemodialysis (HD) patients.
Kidney Int 46:571A, 1994 (abstr)

239. Virot JS, Janin G, Guillaumie J, Michel P, Dubot P,
Chevet D, Rifle G: Must erythropoietin be injected by the
subcutaneous route for every hemodialyzed patient? Am J
Kidney Dis 28:400-408, 1996

240. Zehnder C, Blumberg A: Recombinant human eryth-
ropoietin in anemic patients on maintenance hemodialysis:
Comparison between intravenous and subcutaneous admin-
istration. Nephron 57:485-486, 1991

241. Besarab A, Besarab FM, Miller D: Effects of dialy-
sis factors and route of administration on response of hemo-

dialysis patients to recombinant human erythropoietin.
ASAIO Trans 37:M181-M182, 1991

242. Jensen JD, Madsen JK, Jensen LW: Comparison of
dose requirement, serum erythropoietin, and blood pressure
following intravenous and subcutaneous erythropoietin treat-
ment of dialysis patients. Eur J Clin Pharmacol 50:171-177,
1996

243. Mondal K, Dressler R, Levine SD, Lynn R: Compari-
son of the erythropoietic effects of subcutaneous and intrave-
nous erythropoietin (EPO) in hemodialysis patients. Am J
Kidney Dis 19:A9, 1992 (abstr)

244. Stockenhuber F, Loibl U, Gottsauner-Wolf M, Jahn
C, Manker W, Meisl TF, Balcke P: Pharmacokinetics and
dose response after intravenous and subcutaneous adminis-
tration of recombinant erythropoietin in patients on regular
haemodialysis treatment or continuous ambulatory perito-
neal dialysis. Nephron 59:399-402, 1991

245. Taylor JE, Belch JJF, Fleming LW, Mactier RA,
Henderson IS, Stewart WK: Erythropoietin response and
route of administration. Clin Nephrol 41:297-302, 1994

246. Kaufman JS, Reda DJ, Fye CL, Goldfarb DS, Hen-
derson WG, Kleinman JG, Vaamonde CA: Subcutaneous
versus intravenous administration of erythropoietin in hemo-
dialysis patients. N Engl J Med 339:578-583, 1998

247. de Schoenmakere G, Lameire N, Dhondt A, Van
Loo A, Van der Goten J, Duym P, Vanholder R: The
haematopoietic effect of recombinant human erythropoietin
in haemodialysis is independent of the mode of administra-
tion (i.v. or s.c.). Nephrol Dial Transplant 13:1770-1775,
1998

248. Uehlinger DE, Gotch FA, Sheiner LB: A pharmaco-
dynamic model of erythropoietin therapy for uremic anemia.
Clin Pharmacol Ther 51:76-89, 1992

249. Scigalla P: Effect of recombinant human erythropoi-
etin treatment on renal anemia and body growth of children
with end-stage renal disease. Contrib Nephrol 88:201-211,
1991

250. St. Peter WL, Lewis MJ, Macres MG: Pain compari-
son after subcutaneous administration of single-dose formu-
lation versus multidose formulation of epogen in hemodialy-
sis patients. Am J Kidney Dis 32:470-474, 1998

251. Bommer J, Kugel M, Schoeppe W, Brunkhorst R,
Samtleben W, Bramsiepe P, Scigalla P: Dose-related effects
of recombinant human erythropoietin on erythropoiesis.
Results of a multicenter trial in patients with end-stage renal
disease. Contrib Nephrol 66:85-93, 1988

252. Nissenson AR, Korbet S, Faber M, Burkart J, Gen-
tile D, Hamburger R, Mattern W, Schreiber M, Swartz R,
Van Stone J, Watson A, Zimmerman S: Multicenter trial of
erythropoietin in patients on peritoneal dialysis. J Am Soc
Nephrol 5:1517-1529, 1995

253. Bennett WM: A multicenter clinical trial of epoetin
beta for anemia of end-stage renal disease. J Am Soc
Nephrol 1:990-998, 1991

254. The US Recombinant Human Erythropoietin Predi-
alysis Study Group: Double-blind, placebo-controlled study
of the therapeutic use of recombinant human erythropoietin
for anemia associated with chronic renal failure in predialy-
sis patients. Am J Kidney Dis 18:50-59, 1991

255. Muirhead N, Wong C: Erythropoietin for anemia in

GUIDELINES FOR ANEMIA OF CHRONIC KIDNEY DISEASES230



high-risk hemodialyzed patients: Comparison of IV and SC
administration. J Am Soc Nephrol 1:404 1990

256. Petersen J, Kang MS, Yeh I: The site of injection
affects erythropoietin levels during dialysis. ASAIO J 42:263-
265, 1996

257. Bargman JM, Jones JE, Petro JM: The pharmacoki-
netics of intraperitoneal erythropoietin administered undi-
luted or diluted in dialysate. Perit Dial Int 12:369-372, 1992

258. Reddingius RE, Schroder CH, Koster AM, Monnens
LAH: Pharmacokinetics of recombinant human erythropoi-
etin in children treated with continuous ambulatory perito-
neal dialysis. Eur J Pediatr 153:850-854, 1994

259. Muirhead N, Hodsman AB: Occult infection and
resistance of anaemia to rHuEpo therapy in renal failure.
Nephrol Dial Transplant 5:232-234, 1990

260. Piraino B, Johnston JR: The use of subcutaneous
erythropoietin in CAPD patients. Clin Nephrol 33:200-202,
1990

261. Slingeneyer A, Faller B, Laroche B, Ehmer B, Mion
C: Self-administered daily subcutaneous recombinant hu-
man erythropoietin: An open randomised dose-finding study
in ESRD patients receiving peritoneal dialysis. Contrib
Nephrol 88:159-168, 1991

262. Macdougall IC, Coles GA, Williams JD: Inhibition
of a response to r-HuEPO in the presence of infections or
malignancy. Erythropoiesis 3:29-30, 1992

263. Sun CH, Ward HJ, Paul WL, Koyle MA, Yanagawa
N, Lee DBN: Serum erythropoietin levels after renal trans-
plantation. N Engl J Med 321:151-156, 1996

264. Brown JH, Lappin TRJ, Elder GE, Taylor TN,
Bridges JM, McGeown MG: The initiation of erythropoiesis
following renal transplantation. Nephrol Dial Transplant
4:1076-1079, 1996

265. Besarab A, Caro J, Jarrell BE, Francos G, Erslev AJ:
Dynamics of erythropoiesis following renal transplantation.
Kidney Int 32:526-536, 1987

266. Almond MK, Tailor D, Marsh FP, Raftery MJ,
Cunningham J: Increased erythropoietin requirements in
patients with failed renal transplants returning to a dialysis
programme. Nephrol Dial Transplant 9:270-273, 1994

267. Danielson B: R-HuEPO hyporesponsiveness—Who
and why? Nephrol Dial Transplant 10:69-73, 1995

268. Drueke TB: R-HuEPO hyporesponsiveness—Who
and why? Nephrol Dial Transplant 10:62-68, 1995

269. Douglas SW, Adamson JW: The anemia of chronic
disorders: Studies of marrow regulation and iron metabo-
lism. Blood 45:55-65, 1975

270. Hymes LC, Hawthorne SM, Clowers BM: Impaired
response to recombinant erythropoietin therapy in children
with peritonitis. Dial Transplant 23:462-463, 1994

271. Barany P, Divino Filho JC, Bergstrom J: High C-
reactive protein is a strong predictor of resistance to erythro-
poietin in hemodialysis patients. Am J Kidney Dis 29:565-
568, 1997

272. Gunnell J, Yeun JY, Depner TA, Kaysen GA: Acute-
phase response predicts erythropoietin resistance in hemodi-
alysis and peritoneal dialysis patients. Am J Kidney Dis
33:63-72, 1999

273. Rao DS, Shih MS, Mohini R: Effect of serum
parathyroid hormone and bone marrow fibrosis on the re-

sponse to erythropoietin in uremia. N Engl J Med 328:171-
175, 1993

274. Grutzmacher P, Ehmer B, Limbach J, Messinger D,
Kulbe KD, Scigalla P: Treatment with recombinant human
erythropoietin in patients with aluminum overload and hyper-
parathyroidism. Blood Purif 8:279-284, 1990

275. Steffen HM, Brunner R, Muller R, Degenhardt S,
Pollok M, Lang R, Baldamus CA: Peripheral hemodynam-
ics, blood viscosity, and the renin-angiotensin system in
hemodialysis patients under therapy with recombinant hu-
man erythropoietin. Contrib Nephrol 76:292-298, 1989

276. Rosenlof K, Fyhrquist F, Tenhunen R: Erythropoi-
etin aluminum and anemia in patients on hemodialysis.
Lancet 335:247-249, 1990

277. Muirhead N, Hodsman AB, Hollomby DJ, Cordy
PE: The role of aluminium and parathyroid hormone in
erythropoietin resistance in haemodialysis patients. Nephrol
Dial Transplant 6:342-345, 1991

278. Grutzmacher P, Ehmer B, Messinger D, Kulbe KD,
Scigalla P: Effect of aluminum overload on the bone marrow
response to recombinant human erythropoietin. Contrib
Nephrol 76:315-323, 1989

279. Casati S, Passerini P, Campise MR, Graziani G,
Cesana B, Perisic M, Ponticelli C: Benefits and risks of
protracted treatment with human recombinant erythropoietin
in patients having haemodialysis. BMJ 295:1017-1020, 1987

280. Tomson CR, Edmunds ME, Chambers K, Bricknell
S, Feehally J, Walls J: Effect of recombinant human erythro-
poietin on erythropoiesis in homozygous sickle-cell anaemia
and renal failure. Nephrol Dial Transplant 7:817-821, 1992

281. Steinberg MH: Erythropoietin for anemia of renal
failure in sickle cell disease (letter). N Engl J Med 324:1369-
1370, 1991

282. Roger SE, Macdougall IC, Thuraisingham RC, Raine
AEG: Erythropoietin in anemia of renal failure in sickle cell
disease (letter). N Engl J Med 325:1175-1176, 1991

283. Cheng IKP, Lu H, Wei DCC, Cheng S, Chan C, Lee
FCP: Influence of thalassemia on the response to recombi-
nant human erythropoietin in dialysis patients. Am J Neph-
rol 13:142-148, 1993

284. Lai KN, Wong KC, Li PKT, Lui SF: Use of recombi-
nant erythropoietin in thalassemic patients on dialysis. Am J
Kidney Dis 19:239-245, 1992

285. Drinovec J, Varl J: Subcutaneous erythropoietin in
the treatment of renal anaemia. Przegl Lek 49:38-40, 1992

286. Ono K, Hisasue Y: Is folate supplementation neces-
sary in hemodialysis patients on erythropoietin therapy?
Clin Nephrol 38:290-292, 1992

287. Zachee P, Chew SL, Daelemans R, Lins RL: Eryth-
ropoietin resistance due to vitamin B12 deficiency: Case
report and retrospective analysis of B12 levels after erythro-
poietin treatment. Am J Nephrol 12:188-191, 1992

288. Klemm A, Sperschneider H, Lauterbach H, Stein G:
Is folate and vitamin B12 supplementation necessary in
chronic hemodialysis patients with EPO treatment? (letter)
Clin Nephrol 42:343-345, 1994

289. Pronai W, Riegler-Keil M, Silberbauer K, Stocken-
huber F: Folic acid supplementation improves erythropoi-
etin response. Nephron 71:395-400, 1995

290. Caillette A, Barreto S, Gimenez E, Labeeuw M,
Zech P: Is erythropoietin treatment safe and effective in

REFERENCES S231



myeloma patients receiving hemodialysis? Clin Nephrol
40:176-178, 1993

291. Taylor JK, Mactier RA, Stewart WK, Henderson IS:
Effect of erythropoietin on anaemia in patients with my-
eloma receiving hemodialysis. BMJ 301:476-477, 1990

292. Ruedin P, Pechere Bertschi A, Chapuis B, Benedet
P, Leski M: Safety and efficacy of recombinant human
erythropoietin treatment of anaemia associated with mul-
tiple myeloma in haemodialysed patients. Nephrol Dial
Transplant 8:315-318, 1993

293. Roger S, Russell NH, Morgan AG: Effect of erythro-
poietin in patients with myeloma. BMJ 301:667, 1990

294. Madour F, Bridges K, Brugnara NL, Lew EG, Low-
rie EG, Lazarus JM, Owen WF: A population study of the
interplay between iron, nutrition, and inflammation in eryth-
ropoiesis in hemodialysis patients. J Am Soc Nephrol
7:1456A, 1996 (abstr)

295. Siimes MA, Ronnholm KAR, Antikainen M, Holm-
berg C: Factors limiting the erythropoietin response in
rapidly growing infants with congenital nephrosis on a
peritoneal dialysis regimen after nephrectomy. J Pediatr
120:44-48, 1992

296. Evers J: Cardiac hemolysis and anemia refractory to
erythropoietin: On anemia in dialysis patients (letter).
Nephron 71:108, 1995

297. Onoyama K, Sanai T, Motomura K, Fujishima M:
Worsening of anemia by angiotensin converting enzyme
inhibitors and its prevention by antiestrogenic steroid in
chronic hemodialysis patients. J Cardiovasc Pharmacol 13:
S27-S30, 1989

298. Sanchez JA: ACE inhibitors do not decrease rHuEPO
response in patients with end-stage renal failure (letter).
Nephrol Dial Transplant 10:1476-1477, 1995

299. Conlon PJ, Albers F, Butterly D, Schwab S: ACE
inhibitors do not affect erythropoeitin efficiency in hemodi-
alysis patients (letter). Nephrol Dial Transplant 9:1359-
1360, 1994

300. Abu-Alfa AK, Cruz D, Perazella MA, Mahnensmith
RL, Simon D, Bia MJ: ACE inhibitors do not induce
recombinant human erythropoeitin resistance in hemodialy-
sis patients. Am J Kidney Dis 35:1076-1082, 2000

301. Hess E, Sperschhneider H, Stein G: Do ACE inhibi-
tors influence the dose of human recombinant erythropoietin
in dialysis patients? (letter) Nephrol Dial Transplant 11:749-
751, 1997

302. Walter J: Does catopril decrease the effect of human
recombinant erythropoietin in haemodialysis patients? (let-
ter) Nephrol Dial Transplant 8:142, 1993

303. Dhondt AW, Vanholder RC, Ringoir SMG: Angioten-
sin-converting enzyme inhibitors and higher erythropoietin
requirement in chronic haemodialysis patients. Nephrol Dial
Transplant 10:2107-2109, 1995

304. Erturk S, Ates K, Durman N, Karatan O, Erbay B,
Ertug E: Unresponsiveness to recombinant human erythro-
poietin in haemodialysis patients: Possible implications of
angiotensin converting enzyme inhibitors. Nephrol Dial
Transplant 11:393-397, 1996

305. Albitar S, Genin R, Fen-Chong M, Serveaux M-O,
Bourgeon B: High dose enalapril impairs the response to
erythropoietin treatment in haemodialysis patients. Nephrol
Dial Transplant 13:1206-1210, 1998

306. Kooistra MP, Struyvenberg A, van Es A: The re-
sponse to recombinant human erythropoietin in patients with
the anemia of end-stage renal disease is correlated with
serum carnitine levels (letter). Nephron 57:127-128, 1991

307. Berard E, Barrillon D, Iordache A, Bayle J, Cassuto-
Viguler E: Low dose of L-carnitine impairs membrane
fragility of erythrocytes in hemodialysis patients (letter).
Nephron 68:145, 1994

308. Berard E, Iordache A: Effects of low doses of
L-carnitine on the response to recombinant human erythro-
poietin in hemodialyzed children: About two cases. Nephron
62:368-369, 1992

309. Labonia WD: L-carnitine effects on anemia in hemo-
dialyzed patients treated with erythropoietin. Am J Kidney
Dis 26:757-764, 1995

310. Kletzmayr J, Mayer G, Legenstein E, Heinz-Peer G,
Leitha T, Hori WH, Kovarik J: Anemia and carnitine supple-
mentation in hemodialysis patients. Kidney Int 55:S93-
S106, 1999 (suppl 69)

311. Berns JS, Rudnick MR, Cohen RM: A controlled
trial of recombinant human erythropoietin and nandrolone
decanoate in the treatment of anemia in patients on chronic
hemodialysis. Clin Nephrol 37:264-267, 1992

312. Ballal SH, Domoto DT, Polack DC, Marciulonis P,
Martin KJ: Androgens potentiate the effects of erythropoi-
etin in the treatment of anemia of end-stage renal disease.
Am J Kidney Dis 17:29-33, 1991

313. Teruel JL, Marcen R, Navarro-Antolin J, Aguilera
A, Fernandez G, Ortuno J: Androgen versus erythropoietin
for the treatment of anemia in hemodialyzed patients: A
prospective study. J Am Soc Nephrol 7:140-144, 1996

314. Paganini EP, Abdulhadi MH, Garcia J, Magnusson
MO: Recombinant human erythropoietin correction of ane-
mia: Dialysis efficiency, waste retention, and chronic dose
variables. ASAIO Trans 35:513-515, 1989

315. Ifudu O, Feldman J, Friedman EA: The intensity of
hemodialysis and the response to erythropoietin in patients
with end-stage renal disease. N Engl J Med 334:420-425,
1996

316. Eschbach JW: EPO treatment in dialysis. Which
hematocrit target? Does dialysis quality influence dose?
International Congress of Nephrology, Madrid, Spain, July
1995, p 90 (abstr)

317. Charra B, Calemard E, Ruffet M, Chazot C, Terrat
J-C, Vanel T, Laurent G: Survival as an index of adequacy in
dialysis. Kidney Int 41:1286-1291, 1992

318. Audet AM, Goodnough LT: Practice strategies for
elective red blood transfusion. Ann Intern Med 116:403-406,
1992

319. Haedersdal C, Mehlsen J, Stenver D, Nielsen B,
Jeppesen L, Winther K: Erythropoietin treatment does not
compromise cardiovascular function in chronic renal failure.
Angiology 45:231-234, 1994

320. Nomoto Y, Kawaguchi Y, Kubota M, Tagawa H,
Kubo K, Ogura Y, Shoji T, Kawada Y, Koshikawa S, Mimura
N, Maeda T: A multicenter study with once a week or once
every two weeks high-dose subcutaneous administration of
recombinant human erythropoietin in continuous ambula-
tory peritoneal dialysis. Perit Dial Int 14:56-60, 1994

321. Pais MJ, Gaspar A, Santana A, Bruges M, Simoes J:
Subcutaneous recombinant human erythropoietin in hemodi-

GUIDELINES FOR ANEMIA OF CHRONIC KIDNEY DISEASES232



alysis and continuous ambulatory peritoneal dialysis. Perit
Dial Int 13:S541-S543, 1993

322. Buccianti G, Colombi L, Battistel V: Use of recom-
binant human erythropoietin (rh-EPO) in the treatment of
anemia in hemodialysis patients: A multicenter Italian expe-
rience. Haematologica 78:111-117, 1993

323. Barany P, Pettersson E, Konarski-Svensson JK:
Long-term effects on quality of life in haemodialysis pa-
tients of correction of anaemia with erythropoietin. Nephrol
Dial Transplant 8:426-432, 1993

324. Roger SD, Baker LRI, Raine AEG: Autonomic
dysfunction and the development of hypertension in patients
treated with recombinant human erythropoietin (r-HuEPO).
Clin Nephrol 39:103-110, 1993

325. Stefanidis CJ, Koulieri A, Siapera D, Kapogiannis
A, Mitsioni A, Michelis K: Effect of the correction of
anemia with recombinant human erythropoietin on growth
of children treated with CAPD. Adv Perit Dial 8, 460-463,
1992

326. Frenken LAM, Struijk DG, Coppens PJW, Tiggeler
RGWL, Krediet RT, Koene RAP: Intraperitoneal administra-
tion of recombinant human erythropoietin. Perit Dial Int
12:378-383, 1992

327. Pascual J, Teruel JL, Marcen R, Liano F, Ortuno J:
Blood pressure after three different forms of correction of
anemia in hemodialysis. Int J Artif Organs 15:393-396, 1992

328. Piazza V, Villa G, Galli F, Segagni S, Bovio G,
Poggio F, Picardi L, Bianco L, Salvadeo A, Barosi G:
Erythropoietin as treatment of haemodialysis-related porphy-
ria cutanea tarda. Nephrol Dial Transplant 7:438-442, 1992

329. Stevens ME, Summerfield GP, Hall AA, Beck CA,
Harding AJ, Cove-Smith JR, Paterson AD: Cost benefits of
low dose subcutaneous erythropoietin in patients with anae-
mia of end stage renal disease. BMJ 304:474-477, 1992

330. Takayama K, Nagai T, Kinugasa E, Akizawa T,
Koshikawa S: Changes in endothelial vasoactive substances
under recombinant human erythropoietin therapy in hemodi-
alysis patients. ASAIO Trans 37:M183-M188, 1991

331. Bianchetti MG, Hammerli I, Roduit C, Neuhaus TJ,
Leumann EP, Oetliker OH: Epoetin alfa in anaemic children
or adolescents on regular dialysis. Eur J Pediatr 150:509-
512, 1991

332. Bajo MA, Selgas R, Miranda B, Fernandez-Zamo-
rano A, Borrego F, Romero JR, Caparros G, Rinon C,
Sanchez Sicilia L: Medium term response to H-R erythropoi-
etin in CAPD patients: The influence of erythropoietin
plasmatic levels and the effects on peritoneal transport
capacity. Adv Perit Dial 7:296-300, 1991

333. Saleh A, Krane NK, Caballero M, Starks E: Once
weekly subcutaneous erythropoietin is an effective mainte-
nance therapy in the treatment of anemia of end stage renal
disease in patients on CAPD. Adv Perit Dial 7:288-291,
1991

334. Lye WC, Lee EJC: Subcutaneous recombinant hu-
man erythropoietin in patients on CAPD. Adv Perit Dial
7:285-287, 1991

335. Tsai JC, Lai YH, Tsai ZY, Chien LJ, Tsai JH:
Clinical efficacy of recombinant human erythropoietin in the
treatment of anemia in hemodialysis patients: Influence of
dosing regimen, iron status, and serum aluminum. Kao
Hsiung I Hsueh Ko Hsueh Tsa Chih 7:126-135, 1991

336. Ramirez B, Flores A, Perez F, Cordoba C, Garcia L,
Vazquez G: Human recombinant erythropoietin (rHuEPO)
in the treatment of anemia in patients with chronic renal
failure (CKD): Experience with a group of patients on
chronic haemodialysis treatment. Transplant Proc 23:1833-
1834, 1991

337. Canadian Erythropoietin Study Group: Effect of
recombinant human erythropoietin therapy on blood pres-
sure in hemodialysis patients. Am J Nephrol 11:23-26, 1991

338. Lai KN, Lui SF, Leung JCK, Law E, Nicholls MG:
Effect of subcutaneous and intraperitoneal administration of
recombinant human erythropoietin on blood pressure and
vasoactive hormones in patients on continuous ambulatory
peritoneal dialysis. Nephron 57:394-400, 1991

339. Lubrich-Birkner I, Schollmeyer P, Steinhauer HB:
One year experience with subcutaneous human erythropoi-
etin in CAPD: Correction of renal anemia and increased
ultrafiltration. Adv Perit Dial 6:302-307, 1990

340. Barany P, Pettersson E, Bergstrom J: Erythropoietin
treatment improves quality of life in hemodialysis patients.
Scand J Urol Nephrol Suppl 131:55-60, 1990

341. Offner G, Hoyer PF, Latta K, Winkler L, Brodehl J,
Scigalla P: One year’s experience with recombinant erythro-
poietin in children undergoing continuous ambulatory or
cycling peritoneal dialysis. Pediatr Nephrol 4:498-500, 1990

342. Edmunds ME, Walls J, Tucker B, Baker LRI, Tom-
son CRV, Ward M, Cunningham J, Moore R, Winearls CG:
Seizures in haemodialysis patients treated with recombinant
human erythropoietin. Nephrol Dial Transplant 4:1065-
1069, 1989

343. Onoyama K, Kumagai H, Takeda K, Shimamatsu K,
Fujishima M: Effects of human recombinant erythropoietin
on anaemia, systemic haemodynamics and renal function in
predialysis renal failure patients. Nephrol Dial Transplant
4:966-970, 1989

344. Steinhauer HB: Effects of long-term treatment with
human recombinant erythropoietin in patients on CAPD.
Adv Exp Med Biol 157-165, 1989

345. Lui SF, Chung WWM, Leung CB, Chan K, Lai KN:
Pharmacokinetics and pharmacodynamics of subcutaneous
and intraperitoneal administration of recombinant human
erythropoietin in patients on continuous ambulatory perito-
neal dialysis. Clin Nephrol 33:47-51, 1990

346. Vaziri ND, Ritchie C, Brown P, Kaupke J, Atkins K,
Barker S, Hyatt J: Effect of erythropoietin administration on
blood and plasma viscosity in hemodialysis patients. ASAIO
Trans 35:505-508, 1989

347. Pollok M, Bommer J, Gurland HJ, Koch KM, Scho-
eppe W, Scigalla P, Baldamus CA: Effects of recombinant
human erythropoietin treatment in end-stage renal failure
patients: Results of a multicenter phase II/III study. Contrib
Nephrol 76:201-211, 1989

348. Samtleben W, Baldamus CA, Bommer J, Grutz-
macher P, Nonnast-Daniel B, Scigalla P, Gurland HJ: Indica-
tions and contraindications for recombinant human erythro-
poietin treatment: Results in hemodialysis patients. Contrib
Nephrol 76:193-200, 1989

349. Suzuki M, Hirasawa Y, Hirashima K, Arakawa M,
Odaka M, Ogura Y, Yoshikawa Y, Sanaka T, Shinoda A,
Morii H: Dose-finding, double-blind, clinical trial of recom-
binant human erythropoietin (Chugai) in Japanese patients

REFERENCES S233



with end-stage renal disease. Contrib Nephrol 76:179-192,
1989

350. Nielsen OJ, Thaysen JH: Response to erythropoietin
in anaemic haemodialysis patients. J Intern Med 226:89-94,
1989

351. Verbeelen D, Hauglustaine D, Sennesael J: Treat-
ment of the anaemia of end-stage renal disease with recom-
binant human erythropoietin. Neth J Med 33:60-67, 1988

352. Drueke T, Zins B, Naret C, Casadevall N, Goureau
Y, Bererhi L, Peterlongo F, Castaigne JP, Zingraff J, Delons
S, Kreis H, Varet B: Utilization of erythropoietin in the
treatment of the anemia due to chronic renal failure. Adv
Nephrol Necker Hosp 18:187-206, 1989

353. Zehnder C, Gluck Z, Descoeudres C, Uehlinger DE,
Blumberg A: Human recombinant erythropoietin in anaemic
patients on maintenance haemodialysis: Secondary effects
of the increase of haemoglobin. Nephrol Dial Transplant
3:657-660, 1988

354. Bommer J, Alexiou C, Muller-Buhl U, Eifert J, Ritz
E: Recombinant human erythropoietin therapy in haemodi-
alysis patients: Dose determination and clinical experience.
Nephrol Dial Transplant 2:238-242, 1987

355. Faller B, Slingeneyer A, Waller M, Michel C, Grutz-
macher P, Muller HP, Barany P, Grabensee B, Issad B,
Schmitt H, Meisl F: Daily subcutaneous administration of
recombinant human erythropoietin (rhEPO) in peritoneal
dialysis patients: A European dose-response study. Clin
Nephrol 40:168-175, 1993

356. Eschbach JW, Davidson RC: Red blood cell mass/
erythropoietin and blood pressure: Lessons from patients
with renal disease, in Laragh JH, Brenner BM (eds): Hyper-
tension: Pathophysiology, Diagnosis and Management (ed
2). New York, NY, Raven Press, Ltd, 1995, pp 389-398

357. Angnostou A, Liu Z, Steiner M, Chin K, Lee ES,
Kessimian N, Noguchi CT: Erthropoietin receptor mRNA
expression in human endothelial cells. Proc Natl Acad Sci U
S A 91:3974-3978, 1994

358. Akimoto T, Kusano E, Inaba T, Limura O, Taka-
hashi H, Ikeda H, Ito C, Ando Y, Ozawa K, Asano Y:
Erythropoietin regulates vascular smooth muscle cell apopto-
sis by a phosphatidylinositol 3 kinase-dependent pathway.
Kidney Int 58:269-282, 2000

359. Banerjee D, Rodriguez M, Nag M, Adamson JW:
Exposure of endothelial cells to recombinant human erythro-
poeitin induces nitric oxide synthase activity. Kidney Int
57:1895-1904, 2000

360. Kang D, Yoon K, Han D: Acute effects of recombi-
nant human erythropoietin on plasma levels of proendothe-
lin-1 and endothelin-1 in haemodialysis patients. Nephrol
Dial Transplant 13:2877-2883, 1998

361. Ni Z, Wang XQ, Vaziri ND: Nitric oxide metabo-
lism in erythropoietin-induced hypertension: Effect of cal-
cium channel blockade. Hypertension 32:724-729, 1998

362. Duff DR, Golper TA, Sloan RS, Brier ME, Aronoff
GR: Low-dose recombinant human erythropoietin therapy
in chronic hemodialysis patients. Am J Kidney Dis 18:60-
64, 1991

363. Johnson WJ, McCarthy JT, Yanagihara T, Osmund-
son PJ, Ilstrup DM, Jenson BM, Bowie EJW: Effects of
recombinant human erythropoietin on cerebral and cutane-

ous blood flow and on blood coagulability. Kidney Int
38:919-924, 1990

364. Laupacis A: Changes in quality of life and func-
tional capacity in hemodialysis patients treated with recom-
binant human erythropoietin. Semin Nephrol 10:11-19, 1990

365. Krantz SB: Review of patients’ responses to epoetin
alfa therapy. Pharmacotherapy 10:15S-21S, 1990

366. Fischer-Colbrie W, Clyne N, Jogestrand T, Takolan-
der R: The effect of erythropoietin treatment on arterio-
venous haemodialysis fistula/graft: A prospective study with
colour flow Doppler ultrasonography. Eur J Vasc Surg 8:346-
350, 1994

367. Shand BI, Buttimore AL, Hurrell MA, Wells JE,
Inkster JA, Bailey RR, Robson RA, Lynn KL: Hemorheol-
ogy and fistula function in home hemodialysis patients
following erythropoietin treatment: A prospective placebo-
controlled study. Nephron 64:53-57, 1993

368. Eschbach JW, Aquiling T, Haley NR, Fan MH,
Blagg CR: The long-term effects of recombinant human
erythropoietin on the cardiovascular system. Clin Nephrol
38:S98-S103, 1992

369. Wirtz JJJM, van Esser JWJ, Hamulyak K, Leunissen
KML, van Hooff JP: The effects of recombinant human
erythropoietin on hemostasis and fibrinolysis in hemodialy-
sis patients. Clin Nephrol 38:277-282, 1992

370. Bahlmann J, Schoter KH, Scigalla P, Gurland HJ,
Hilfenhaus M, Koch KM, Muthny FA, Neumayer HH,
Pommer W, Quellhorst E, Sieberth HG, Weber U: Morbidity
and mortality in hemodialysis patients with and without
erythropoietin treatment: A controlled study. Contrib Neph-
rol 88:90-106, 1991

371. Samtleben W, Ehmer B, Lutz-Knochenhauer I, Hag-
mann C, Scigalla P, Gurland HJ: Side effects during recom-
binant human erythropoietin therapy in 2,000 ESRD pa-
tients. Contrib Nephrol 88:107-116, 1991

372. Fabris F, Cordiano I, Randi ML, Casonato A, Mon-
tini G, Zacchello G, Girolami A: Effect of human recombi-
nant erythropoietin on bleeding time, platelet number and
function in children with end-stage renal disease maintained
by haemodialysis. Pediatr Nephrol 5:225-228, 1991

373. Delano BG, Lundin AP, Galonsky R, Quinn-Cefaro
RM, Rao TKS, Friedman EA: Dialyzer urea and creatinine
clearances are not significantly altered in erythropoietin
treated maintenance hemodialysis patients. ASAIO Trans
36:36-39, 1990

374. Canaud B, Polito-Bouloux C, Garred LJ, Rivory JP,
Donnadieu P, Taib J, Florence P, Mion C: Recombinant
human erythropoietin: 18 months’ experience in hemodialy-
sis patients. Am J Kidney Dis 15:169-175, 1990

375. Schaefer RM, Kuerner B, Zech M, Denninger G,
Borneff C, Heidland A: Treatment of the anemia of hemodi-
alysis patients with recombinant human erythropoietin. Int J
Artif Organs 11:249-254, 1988

376. Klinkmann H, Wieczorek L, Scigalla P: Adverse
events of subcutaneous recombinant human erythropoietin
therapy: Results of a controlled multicenter European study.
Artif Organs 17:219-225, 1993

377. de Marchis, Cecchin E, Falleti E, Giacomello R,
Stel G, Sepiacci G, Bortolotti N, Zanello F, Gonano F,
Bartoli E: Long-term effects of erythropoietin therapy on
fistula stenosis and plasma concentrations of PDGF and

GUIDELINES FOR ANEMIA OF CHRONIC KIDNEY DISEASES234



MCP-1 in hemodialysis patients. J Am Soc Nephrol 8:1147-
1156, 1997

378. Muirhead N: Erythropoietin is a cause of access
thrombosis. Semin Dial 6:184-188, 1993

379. Wiesholzer M, Kitzwogerer M, Harm F, Barbieri G,
Hauser A-C, Pribasnig A, Bankl H, Balcke P: Prevalence of
preterminal pulmonary thromboembolism among patients
on maintenance hemodialysis treatment before and after
introduction of recombinant erythropoietin. Am J Kidney
Dis 33:702-708, 1999

380. Wakeen M, Zimmerman SW: Association between
human recombinant EPO and peripheral vascular disease in
diabetic patients receiving peritoneal dialysis. Am J Kidney
Dis 32:488-493, 1998

381. Von Kummer R, Scharf J, Back T, Reich H, Ma-
chens HG, Wildemann B: Auto regulatory capacity and the
effect of isovolemic hemodilution on local cerebral blood.
Stroke 23:594-597, 1988

382. Hino A, Ueda S, Mizukawa N, Imahori Y, Tenjin H:
Effects of hemodilution on cerebral hemodynamics and
oxygen metabolism. Stroke 23:423-426, 1992

383. Evans SJW: Increased risk of cardiovascular disease
with erythropoietin in chronic dialysis patients (letter).
Nephron 76:116, 1997

384. Iseki K: Reply to the letter by S.J.W. Evans. Nephron
76:117, 1997

385. Iseki K, Kinjo K, Kimura Y, Osawa A, Fukiyama K:
Evidence for high risk of cerebral hemorrhage in chronic
dialysis patients. Kidney Int 44:1086-1090, 1993

386. Longnnecker RE, Goffinet JA, Hendler ED: Blood

loss during maintenance hemodialysis. Trans Am Soc Artif
Intern Organs 20:135-141, 1974

387. Lindsay RM, Burton JA, Edward N, Dargie HJ,
Prentice CRM, Kennedy AC: Dialyzer blood loss. Clin
Nephrol 1:29-34, 1973

388. Van Wyck DB, Stivelman JC, Ruiz J, Kirlin LF,
Katz MA, Ogden DA: Iron status in patients receiving
erythropoietin for dialysis-associated anemia. Kidney Int
35:712-716, 1989

389. Schafer AI, Cheron RG, Dluhy R, Cooper B, Glea-
son RE, Soelder JS, Bunn HF: Clinical consequences of
acquired transfusional iron overload in adults. N Engl J Med
304:319-325, 1981

390. Okuno Y, Takahashi T, Suzuki A, Ichiba S, Naka-
mura K, Hitomi K, Sasaki R, Imura H: Expression of the
erythropoietin receptor on a human myeloma cell line.
Biochem Biophys Res Commun 170:1128-1134, 1990

391. Dessypris E, Graber SE, Krantz SB, Stone WJ:
Effects of recombinant erythropoietin on the concentration
and cycling status of human marrow hematopoietic progeni-
tor cells in vivo. Blood 72:2060-2062, 1988

392. Geissler K, Stockenhuber F, Kabrina E, Hinter-
berger W, Balke P, Lechner K: Recombinant human erythro-
poietin and hematopoietic progenitor cells in vivo (letter).
Blood 73:2229, 1989

393. Churchill DN, Muirhead N, Goldstein M, Posen G,
Fay W, Beecroft ML, Gorman J, Taylor DW: Probability of
thrombosis of vascular access among hemodialysis patients
treated with recombinant human erythropoietin. J Am Soc
Nephrol 4:1809-1813, 1994

REFERENCES S235



X. Biographical Sketches of the NKF-K/DOQI Anemia
Work Group Members

The following are brief sketches that describe
the professional training and experience as well
as principal business affiliations of the Work
Group members. All Work Group members com-
pleted a disclosure statement certifying that any
potential conflict of interest would not influence
their judgement or actions concerning the NKF-
K/DOQI.

Joseph Eschbach, MD (Work Group Chair),
is Clinical Professor of Medicine at the Univer-
sity of Washington in Seattle, Washington and a
private practice nephrologist at Minor & James
Medical in Seattle. Dr. Eschbach, who has been
treating patients with chronic kidney disease and
doing research for 37 years, served as Director of
the first home dialysis training center in the
United States. He has lectured extensively on the
pathophysiology and treatment of the anemia of
chronic kidney disease and has written more than
100 articles on the subject. Dr. Eschbach has
received multiple awards for his efforts to im-
prove the quality of life for dialysis patients,
including the David M. Hume Memorial Award,
National Kidney Foundation (1995), and the
Haviland Award of Excellence, Northwest Kid-
ney Foundation (1991). He is a member of the
Institute of Medicine of the National Academy of
Sciences (1990).

Peter DeOreo, MD, FACP (Work Group
Vice-Chair), is Medical Director and Chief Medi-
cal Officer of the Centers for Dialysis Care,
Cleveland, Ohio. He and 40 other nephrologists
in the Cleveland area are working to improve
clinical outcomes for 1,000 patients. Dr. DeOreo
is an Associate Clinical Professor of Medicine at
Case Western Reserve University and is a mem-
ber of the Division of Nephrology of University
Hospitals of Cleveland. He has served on the
Medical Review Board of network 22, and was
Chairman of the Ad Hoc Committee on Dialysis
Adequacy for Network 9. Dr. DeOreo is a mem-
ber of the External Monitoring Committee for
National Cooperative Peritoneal Dialysis Ad-
equacy Study, serves on the Health Status Out-
comes in ESRD Working Group, and was a
participant in the Institute of Medicine’s panel on
measuring and managing quality in ESRD. He
has published papers on quality improvement,

care path development, dialysis adequacy, and
patient-assessed functional health status measure-
ment. Dr. DeOreo is an internist and consulting
nephrologist for University MedNet.

John Adamson, MD, is currently the Execu-
tive Vice President for research and Director of
the Blood Research Institute of the Blood Center
of Southeastern Wisconsin in Milwaukee. He is
also Professor (Hematology/Oncology) in the
Department of Medicine at the Medical College
of Wisconsin. Dr. Adamson received his M.D.
degree from the University of California, Los
Angeles. He then trained at the University of
Washington, Seattle, and at the National Insti-
tutes of Health, Bethesda, Maryland, in the fields
of internal medicine and hematology. Dr. Adam-
son is a Past President of the American Society
of Hematology and the International Society for
Experimental Hematology. In 1988, Dr. Adam-
son was designated a Clinical Research Profes-
sor of the American Cancer Society and elected
Fellow, American Association for the Advance-
ment of Science. He is the past Editor-in-Chief
of Blood, past Editor of the Journal of Cellular
Physiology and founding Editor of Current Opin-
ion in Hematology. Altogether, he has authored
or co-authored more than 400 scientific publica-
tions.

Jeffrey Berns, MD, FACP, is Associate Pro-
fessor of Medicine at the University of Pennsyl-
vania School of Medicine and Associate Chief of
the Renal-Electrolyte & Hypertension Division
at Presbyterian Medical Center of the University
of Pennsylvania Health System in Philadelphia.
Dr. Berns is a graduate of Case Western Reserve
University School of Medicine and completed
his Nephrology fellowship at Yale University. He
has recently co-edited a book on renal aspects of
HIV infection and is a co-editor of Drug Prescrib-
ing in Renal Failure, published by the American
College of Physicians. Dr. Berns has published
papers on a number of clinical topics including
erythropoietin and iron treatment of anemia in
dialysis patients, most recently on the effects of
normal hematocrit levels on ambulatory blood
pressures in hemodialysis patients, radiographic
contrast-induced renal failure, and membranous
nephropathy. He is involved in clinical research
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studies with erythropoietin, novel erythropoietic
stimulating protein and iron gluconate in dialysis
patients. He reported receiving research grant
funding from Amgen, Inc. and R&D Laborato-
ries, Inc. and has received lectureship honoraria
from Schein Pharmaceuticals.

Geraldine Biddle, RN, CNN, is the President
of Nephrology Nurse Consultants. She is a certi-
fied Nephrology Nurse who has worked in the
field of renal dialysis for more than 30 years and
has held clinical, administrative, and faculty po-
sitions at major academic centers in the North-
east. In 1988, she began to work as a consultant
to the Network of New York and, in 1994, to the
Center for Clinical Measurement and Improve-
ment, HSQB, HCFA. She served as Chairperson
for the ESRD Forum of Networks CQI Work-
group, and on behalf of the workgroup wrote the
Guide for Improving the Quality of Care of
Dialysis Patients, a central component of the Na-
tional Anemia Cooperative project. She worked
with the FDA on the production of the first in a
series of videotapes produced by the agency to
address user errors in dialysis. The video, Human
Factors in Dialysis, later won the Commissioner’s
Citation. Mrs. Biddle is a Certified Professional in
Healthcare Quality and teaches quality manage-
ment and CQI to dialysis staff at local, regional and
national workshops. She is a former President of
theAmerican Nephrology Nurses’Association, Im-
mediate Past-President of the NKF of Northeast
New York, and presently serves as President of the
World Foundation for Renal Care. Mrs. Biddle is a
consultant to the ESRD Network of New York, and
the HCFA Office of Clinical Quality Management.

Thomas Comstock, PharmD, is Associate
Professor, Department of Pharmacy and Pharma-
ceuticals, School of Pharmacy, and Department
of Internal Medicine (Nephrology), School of
Medicine, at Virginia Commonwealth Univer-
sity. Dr. Comstock has been active in the field of
renal pharmacotherapy for 17 years. His teach-
ing, research, and patient care activities focus on
the pharmacokinetics and pharmacodynamics of
drugs in patients with renal impairment, with the
goal of improved patient outcomes. Recent areas
of research include strategies for the optimiza-
tion of therapy in the treatment of anemia, and
antibiotic dosing strategies during hemodialysis.
He has also guided protocol development for

anemia management in affiliated dialysis cen-
ters. He is an active member of the American
College of Clinical Pharmacy - Nephrology Prac-
tice Research Network and other pharmacy and
nephrology organizations, and serves on the ne-
phrology editorial panel for the Annals of Phar-
macotherapy.

Kathy Jabs, MD, is the Director of Pediatric
Nephrology at Vanderbilt University Medical
Center and an Associate Professor of Pediatrics
at Vanderbilt University School of Medicine,
Nashville, TN. Dr. Jabs has had a long-standing
interest in the care of children with chronic
kidney disease. Her clinical and research inter-
ests have included evaluations of the outcomes
of dialysis and transplantation in children as well
as the factors contributing to morbidity in these
children, such as anemia and growth retardation.
Dr. Jabs has published and given invited lectures
on these topics. She is currently a member of the
Scientific Advisory Committee of the North
American Pediatric Renal Transplant Coopera-
tive Study (NAPRTCS). Dr. Jabs is a member of
the speaker’s bureau for Schein Pharmaceuticals.

J. Michael Lazarus, MD, is Senior Vice
President of Clinical Quality and Medical Direc-
tor of Fresenius Medical Care North America.
Dr. Lazarus has been affiliated with Fresenius
Medical Care North America (formerly National
Medical Care, Inc.) for 25 years as a Medical
Director and consultant. Dr. Lazarus is Vice
Chairman of the Board of Directors of Renais-
sance Health Care Inc. and is on the Board of
Directors of Optimal Health Care, Inc. Dr. Laza-
rus received his undergraduate degree from the
University of North Carolina and his medical
degree from Tulane University. His internship
and residency training were at Emory University/
Grady Hospital and Tulane University/ Charity
Hospital. Dr. Lazarus completed his nephrology
training at Harvard Medical School and the Peter
Bent Brigham Hospital. Prior to assuming his
present position at FMCNA in April, 1996, Dr.
Lazarus was Director of Clinical Services in the
Nephrology Division and Director of the Dialy-
sis Unit at the Brigham and Women’s Hospital
and continues to hold the position of Associate
Professor of Medicine at Harvard Medical School.

Allen Nissenson, MD, is a Professor of Medi-
cine at the University of California, Los Angeles,
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and Director of the Dialysis Program. After com-
pleting a 2-year fellowship in nephrology at
Northwestern University Medical School, Dr.
Nissenson was recruited to UCLA in 1977, where
he developed a comprehensive dialysis program.
Dr. Nissenson has served as Chair of the South-
ern California End Stage Renal Disease (ESRD)
Network, and is currently Chair of the Medical
Advisory Board of the NKF of Southern Califor-
nia. He has long been concerned with issues of
healthcare delivery and has consulted for Rand
Corporation on ESRD reimbursement and Bax-
ter Healthcare Corporation on peritoneal dialy-
sis. He is currently working with Renal manage-
ment Strategies (RMS) and RMS Lifeline to
develop renal disease management and outpa-
tient vascular access care programs. Dr. Nissen-
son has served as Chair of the Quality Assurance
Committee of the Forum of ESRD Networks,
and the Council on Dialysis of the NKF, and is a
member of the board and President of the Renal
Physicians Association. He was a Robert Wood
Johnson Health Policy Fellow of the Institute of
Medicine, serving in the office of Senator Paul
Wellstone. Dr. Nissenson is the author of numer-
ous scientific papers related to clinical aspects of
the care of dialysis patients, and is the editor of
two dialysis textbooks. He was the founding
editor-in-chief of Advances in Renal Replace-
ment Therapy.

John Stivelman, MD, is Chief Medical Offi-
cer of the Northwest Kidney Centers, and Associ-
ate Professor of Medicine in the Division of
Nephrology, Department of Medicine, at the Uni-

versity of Washington School of Medicine in
Seattle. Dr. Stivelman has been involved in inves-
tigative efforts to optimize hematopoietic therapy
for dialysis patients since recombinant erythropoi-
etin was used in phase III human trials in 1986.
His major interests center on iron utilization,
mechanisms of resistance to erythropoietin
therapy, and factors that improve dialytic sur-
vival of disadvantaged populations. Dr. Stivel-
man also serves as medical director of one of the
Northwest Kidney Centers’ freestanding facili-
ties. He has served previously as the chair of the
Network 6 Medical Review Board, as a member
of the Forum of Networks Board of Directors
and CQI Committee, and the MKSAP for Ne-
phrology.

David Van Wyck, MD, is Professor of Medi-
cine and Surgery at the University of Arizona
College of Medicine. He has an active Nephrol-
ogy practice at Tucson Associates in Nephrology-
Hypertension. An investigator for more than 25
years, he has published and spoken widely on
anemia and anemia management in patients with
chronic kidney disease. He has led or partici-
pated in sentinel clinical trials in his field, begin-
ning with the US Phase III Epoetin alfa trials. He
has served as Chief of the Renal Section at the
Arizona Health Sciences Center, Medical Direc-
tor of the University-affiliated Desert Dialysis
Center, Chief of Medicine at the Tucson VA
Medical Center, coordinator of medical student
and residency training programs at the VA Medi-
cal Center, and is a member of the Arizona
Kidney Foundation Medical Advisory Board.
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