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Abbreviation
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P

v
LVH
PD
PET
PMMA
PTFE
RBC
SC
SLE
TIBC
TSAT
USRDS

Acronyms and Abbreviations
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acquired immune deficiency syndrome
body surface area

continuous ambulatory peritoneal dialysis
complete blood count

chronic kidney disease

chronic renal failure

erythropoietin

end-stage renal disease

Food and Drug Administration

iron

glomerular filtration rate

Health Care Financing Administration
hematocrit

hemoglobin

intraperitoneal

intravenous

left ventricular hypertrophy

peritoneal dialysis

positron-emission tomography
polymethylmethacrylate
polytetrafluoroethylene

red blood cell

subcutaneous

systemic lupus erythematosus

total iron binding capacity

transferrin saturation

United States Renal Data System
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I ntroduction

NORMOCYTIC, normochromic anemiais
present in the majority of patients who
have a reduction in kidney function.2 The same
pathophysiology underliesthisanemiainall 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 alograft dysfunc-
tion, and those in kidney failure who are dialysis
dependent (administratively termed ESRD).
When untreated, the anemia of CKD is associ-
ated with anumber of physiologic abnormalities,
including decreased tissue oxygen delivery and
utilization,*® increased cardiac output, cardiac
enlargement, ventricular hypertrophy, angina,
congestive heart failure,®1* decreased cognition
and mental acuity,> altered menstrual cycles,16-18
decreased nocturnal penile tumescence,'® and
impaired immune responsiveness.2%2! In addi-
tion, anemia may play arole in growth retarda-
tion and decreased intellectual performance in
pediatric patients.?22® These abnormalities re-
duce quality of life?* and opportunities for reha-
bilitation of CKD patients and decrease patient
survival.?»

The primary cause of anemiain patients with
CKD isinsufficient production of erythropoietin
(EPO) by the diseased kidneys.?6 Additional fac-
torswhich may cause or contribute to the anemia
include: iron deficiency,?” 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 hyperparathyroidism?; acute and
chronic inflammatory conditions?®; aluminum
toxicity®°; folate deficiencys?; shortened red blood
cell survival®?; hypothyroidism33; and hemoglo-
binopathies such as a-thal assemia.®® 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% This recombinant hormone
has been referred to by several names, including
rHUEPO, EPO, Epoetin, Epoetin alfa, Epoetin
beta, and erythropoietin. Epoetin alfa (manufac-
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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 afa,
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 afa 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 afa and beta. Situations that apply only
to Epoetin alfaare clearly indicated.

A new erythropoietin-like molecule, called
NESP, or novel erythropoietic stimulating pro-
tein (manufactured by Amgen, Inc), is being
used in clinical trialsand as of July 2000 isbeing
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 alonger 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 essentia to as-
sure an adeguate response to Epoetin in patients
with CKD because the demands for iron by the
erythroid marrow frequently exceed the amount
of iron that isimmediately 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 reguired to achieve and/or maintain ad-
equate iron stores. In the United States as of July
1999, the commercialy 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 thistext
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, decreases morbidity,3”38 and
increases quality of life.2#3° 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.*° All other things being equal,
this recommendation would increase the amount
of Epoetin required. On the other hand, the
guidelines also have recommended maintenance
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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 theseinstances, the
Anemia Work Group believes there is sufficient
published scientific datato 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, arationale 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 someinstances, however, recom-
mendations are based in whole or in part on the
opinion of theWork 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.



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:

e Hgb <1lg/dL (Hct is <33%) in pre-meno-
pausal females and pre-pubertal patients
(Evidence)

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

Rationale Anemia s defined in terms of the
Hgb or Hct concentration. In this guideline, we
recommend that awork-up of anemiabe 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. Anemiais likely to
be present in individuals when Hgh/ 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 anemiain
an adult female with aHct of 34% or aHgb of 11
g/dL, or inamalewith aHct of 39% or aHgb of
125 g/dL. Moreover, many individuas have
Hgb/Hct concentrations which are physiologi-
caly norma for them, but which would be
defined as anemiain 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 dialysisprocedure (predialysis). WhileaHgb/
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 anemiain
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 X 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.*! When a
blood sampleis stored for longer periods of time,
MCYV increases, resulting in increases in calcu-
lated Hct by as much as 2% to 4%.? In contrast,
Hgb remains unchanged when a blood sampleis
stored for the same amount of time under the
same conditions.*? 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 agiven 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.*3* 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 Hgbh.** 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.*6

For al these reasons, Hgb is a better measure
to use to monitor and manage anemiain patients
with CKD than is Hct, particularly given the
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Table IV-1. Mean Normal Values of Hemoglobin and
Hematocrit for the Healthy, Normal Population’

Hemoglobin Hematocrit

Age/Gender (g/dL) (%)

Birth 16.5 = 3.0 51+9
1 month 140+ 4.0 43+ 6
2 to 6 months 115+ 25 3B/5+7
6 months to 2 years 120*x15 36 £3
2to 6 years 125 *+1.0 37 £3
6 to 12 years 135+ 20 40+ 5
12 to 18 years (male) 145+15 43 =6
Menstruating female 140+ 2.0 41 +5
Adult male/post-menopausal  15.5 = 2.0 47 = 6

female

growing tendency for dialysis centers to send
blood samplesto 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
anemiain patients with CKD.

GUIDELINE 2

Anemia Evaluation
A. Evaluation of anemia should consist of mea-
surement of at least the following: (Evi-
dence)

e Hemoglobin (Hgb) and/or Hematocrit (Hct)
e Red blood cell (RBC) indices
o Reticulocyte count
e Iron parameters:
—Serumiron
—Total Iron Binding Capacity (TIBC)
—Percent transferrin saturation (serumiron X
100 divided by TIBC) [TSAT]

—Serum ferritin

e A testfor occult blood in stool

e B. Thiswork-up should be performed before
Epoetin therapy is begun. (Opinion)

Rationale  Thered 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.*® The anemia of CKD is
generally normocytic and normochromic. Micro-
cytosis may reflect iron deficiency, aluminum
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excess, or certain hemoglobinopathi es; macrocy-
tosis may be associated with vitamin B12 or
folate deficiency. Macrocytosis can also be asso-
ciated with iron excess® 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 hemolysismay be present, such asin 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 critica for Hgb synthesis. Conse-
guently, patients should be carefully evaluated
for the availability of iron, by measuring the
serumiron 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 CKD%5! and, if
treated, can at least temporarily improve or cor-
rect the anemia® (Endnote a). Absolute iron
deficiency in the general population is indicated
by a TSAT of less than 16%°3 and/or a serum
ferritin value of less than 12 ng/mL.>* However,
higher values of TSAT and serum ferritin may be
necessary to achieve an erythropoietic response
prior to initiation of Epoetin therapy (Endnote @)
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 usualy 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 isan 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
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Fig IV-1. Anemiawork-up
Anemia ! for CKD patients. Asterisk in-
periodic dicates that laboratory val-
fottow-up ues are consistent with un-
complicated iron deficiency.

perform this test is available in Europe,%5% 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 becomesroutinely 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 exampleis 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.®® 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,?* to im-
prove the various physiological abnormalities
associated with anemia, to decrease morbidity,%”
to decrease hospitalization,> and to improve
patient survival .3

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-
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nine is =2 mg/dL, anemia is most likely due to
EPO deficiency. Measurement of serum EPO
levelsusually is not indicated. Fig 1V-1 provides
aguideline for the work-up of anemiain patients
with aserum creatinine =2 mg/dL, and for those
occasional patientswith alower serum creatinine
and impaired kidney function who have anormo-
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,%® and occasionally even lower, particularly
in individuals with a reduced muscle mass. On
the other hand, there is a wide range of Hgb/Hct
levelsfor 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,®® and in 31 CKD pediatric patients in
another study when the GFR was estimated from
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the serum creatinine.®® 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.6162 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-
€tint364 (see Guideline 20: Causesfor Inadequate
Response to Epoetin).

In patients with non-renal anemia, serum EPO
levelsareusualy elevated in an effort to compen-
sate for the anemia. In patients with impaired
kidney function and a normochromic, normo-
cytic anemia, it israre 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 1V-1 suggests an approach for evaluat-
ing anemia in CKD patients who do not have
gastrointestinal bleeding.



|I. Target Hemoglobin/Hematocr it

BACKGROUND

The initial patient experience with Epoetin
cameinaPhasel-Il 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.®> When
investigators met to design the Phase Il 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 thetrial. Thefina
Hct levels for the more than 300 patients treated
with Epoetin in the Phase 11 trial ranged from
33% to 38%. The results of this study,® together
with those of the Phase I-1I 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)% showed that the mean Hct
for Epoetin-treated dialysis patientsin 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 Annua Data
Report).5”

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%. Virtualy all
studies have shown that, with increased Hct,
there is marked improvement in various physi-
ologic measures—oxygen utilization [VO,]*%,
muscle strength and function®; cognitive and
brain electrophysiological function!®; cardiac
function%12-1469.70; sexual function'®; or quality
of life.2* 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,”172 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 hemodiaysis patients with
Hct (or Hgb) levels of 30% (9 to 10 g/dL) versus
36% (11 to 12 g/dL).”>"> However, are-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 anormal Hgb (14 g/dL) is superior to aHgb
of 10 g/dL.767®

Since 1989, when the FDA established its
guidelinesfor 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 aHct higher than 36% ismore 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, anumber 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 atarget
Hct of 30% =+ 3%.8 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 anemiaisto 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 isnot 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%) isjust below the lower
limit of the norma range for adult males and
post-menopausal females (see Guideline 1: When
to Initiate the Work-up of Anemia). Because the
anemialiteraturein 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
Hgbis =10 g/dL (Hct =30%):

1. Survival of dialysis patients declines as the
Hct decreases below a range of 30% to 33%.2581
Survival was aso 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 aHgb >11 g/dL
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compared to an Hgb 10 to 11 g/dL,%® severa
other reports have shown improved surviva at
higher Hgb/Hct levels. Survival wasimprovedin
Italian hemodiaysis patients when the Hct ex-
ceeded 32%, either spontaneously or following
Epoetin therapy, when compared to Het <32%,8
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%.% 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.8 In fact, within both the
normal Hct group and the control group, the
mortality decreased at higher Hct levels® In
those 200 patients who achieved and maintained
anormal 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.&

2. Left ventricular hypertrophy (LVH) ismore
likely in CKD patients with anemia (Hct
=33%)%6-88 and in patients with ESRD®; in such
patients the risk of death is increased 2.9-fold
(Endnote ¢).® Partial correction of anemia (Hgb
6.3 = 0.8 to 114 = 1.5 g/dL) with Epoetin
resulted in partial regression of LVH in dialysis-
dependent patients.®> Angina was significantly
decreased in patients with progressive CKD when
Epoetin therapy increased the Hct to 31% *= 4%
versus 23% + 4%.%

3. Qudlity of life either is not improved, or
improved only dlightly, 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%.%% 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%.%% When the results of the Am-
gen Phase Il (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%.% Both quality of life and various physiolog-
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ical parametersin 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
(VO,) increased when the Hct increased from
30% to 35% to 40%.108

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

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 norma Hct was
achieved,’6-78110-118 gand that there were no ad-
verse effects observed at a normal Hct.1101
Several of these studies have now been pub-
lished in peer review journas, and demonstrate
that a normal Hgb/Hct is associated with better
physical performance,” better cognitive func-
tion,"° improved brain oxygen supply,’® and
improved sleep patterns?! 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%.12 Patients with lupus nephritis
have increased mortality, unrelated to kidney
dysfunction, as Hgb decreases to below 11
g/dL .12 Patients with anemia related to cancer
have improved quality of life when Hct is in-
creased from 29% to >35% with Epoetin.t?*
Finally, an Hgb <10 g/dL increases prematurity
rates to almost twice normal in otherwise healthy
pregnant women.’?® 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-
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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).1%6 Thiswas based on in vitro hemodilution
studiesinvolving blood flow through glass capil-
laries.’?” 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
rel ationship 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).12 There
also was concern during the early experience
with Epoetin about possible adverse effectswhen
the Hct wasincreased above 30%. These adverse
effects are not, in fact, seen today, except for an
increase in the need for antihypertensive medica-
tionsin 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 diaysis patients found no adverse ef-
fects when target Hct was increased to a mean of
38.3%"° and 42%.™! Hypertension was no more
frequent in those cardiac patients who attained a
normal Hct than patients maintained at an Hct of
30.4%.1%° |n 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%.8 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.'*® The authors reported
that the annual incidence of stroke and acute
myocardia infarction increased following the
use of Epoetin in CKD patients (Endnote €).
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%"3! 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 abstracts’®78111-118 and peer-reviewed
articles’119120.122 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,
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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 1V iron supplementation and epoetin
dosing may be unpredictable, anditisimpossible
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%).



[11. Iron Support

BACKGROUND

Iron is essentia 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. Ord 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 intravenousiron (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 ora 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 1V use in the United States.
Since the amount of iron gluconate per via
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
0/dL/33% to 36%, the patient’s responseto 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, asecond course of 1V iron
should be tried. (Opinion) If, in response to this
second course of |V iron, there still isno increase
in Hgb/Hct, but either the TSAT or serum ferritin
level increases, then the weekly dose of 1V 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 1V iron,
thereisanincreasein Hgb/Hct at aconstant dose
of Epoetin, or astable Hct at a decreased dose of
Epoetin, then it is reasonable to administer 1.0 g
of iron 1V over 8to 10 weeks again in an effort to
achieve and maintain the Hgb/Hct at 11 to 12
0/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 increasesto =800
ng/mL. (Evidence)

S194 American Journal of Kidney Diseases, Vol 37, No 1, Suppl 1 (January), 2001: pp S194-S206



IRON SUPPORT

GUIDELINE 7
Monitoring Iron Status

A. During theinitiation 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. Intravenousiron therapy, if giveninamounts
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 individua 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 hemodiaysis, 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)
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D. A tria of ora 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 1V 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 ferritinis =100 ng/mL, the
AnemiaWork 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 1V 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, 1V iron should be withheld for up to 3
months, at which time the iron parameters should
be re-measured before 1V ironisresumed. (Opin-
ion) When the TSAT and serum ferritin have
fallento =50% and =800 ng/mL, IV iron can be
resumed weekly at adose reduced by onethird to
one half. (Opinion)

H. It is anticipated that once optimal Hgb/Hct
and iron stores are achieved, the required mainte-
nance dose of 1V iron may vary from 25 to 125
mg/week for hemodialysis patients. The goal is
to provideaweekly dose of IV ironin hemodialy-
sis patients that will allow the patient to maintain
the target Hgb/Hct at a safe and stable iron level.
The maintenanceiron status should be monitored
by measuring the TSAT and serum ferritin no
less than every 3 months. (Opinion)

I. Ord iron is not indicated for the CKD
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patient who requires maintenance doses of 1V
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).56 To remedy
this problem, clinicians will need to address
three important issues regarding management of
ironin 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 receiveit?

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 atarget Hgb 11 to 12 g/dL (Hct of 33%
to 36%0).

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

1. Theiron 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,
aswell asiron overload

3. An analysis of the effectiveness of oral
versus|V iron

4. Administration of 1V iron, and its potential
associated risks

5. Iron overload

Iron Needsin CKD Patients

Iron deficiency is common in CKD, particu-
larly in hemodialysis patients, for several rea
sons, including substantial losses of blood from
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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 theinitial Hct is 25% and the target Hct
is 35%, the magnitude of supplementa 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-
equateiron stores.

In children, mean daily intestinal blood losses
(pre-dialysis) are 6 mL/m? BSA. For pediatric
hemodialysis patients, mean daily Gl blood |osses
increase to 11 mL/m?, and dialysis-associated
blood losses are 8 mL/m? per treatment. Cumula-
tive annual iron losses therefore approximate 1.6
9/1.73 m? in pediatric hemodialysis patients, and
0.9 gm/1.73 m? in predialysis pediatric patients
and probably in those on PD.13 Although there
are no data on the calculated iron needs in
pediatric patients on diaysis, 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 (Endnotei).

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 thisdiurnal variation.

The distinction between absolute and func-
tional iron deficiency is crucia 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,5*
and iron delivery to the erythroid marrow is
impaired, as evidenced by TSAT levels below
16%0.53 Absoluteiron 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 (reticul oen-
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.3>134136 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, sincethe 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-
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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 inthe TSAT. If itis 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 ismost 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 studies®?137-143 have
demonstrated that a TSAT of <20% versus =20%
isnot an accurate discriminator between patients
who are or are not iron deficient. Although the
vast mgjority of patients who have a TSAT
<20% are iron deficient, there are some patients
who have aTSAT <20% who are ableto 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-
creasein their Hct or maintenance of their Hct at
areduced dose of Epoetin)>2137-143 (Endnote j).

Ferritin  Whereas TSAT reflectsiron 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. Asisthe 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 ferritinis not perfectly sensitive,
it also isnot perfectly specific. In part, thisis due
to thefact 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 isiron 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. 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 functiona iron
deficiency.5>5 Normally, there are lessthan 2.5%
of red blood cells with individua cell hemoglo-
bin levels of lessthan 28 g/dL . Values exceeding
10% are compatible with iron deficiency in the
Epoetin-treated patient. This measurement ispres-
ently performed as part of a routine full blood
count samplethat 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 centersin the United States.

Severa recommendations of aEuropean Eryth-
ropoietin Symposium regarding iron supplemen-
tation (whether oral or |V) during Epoetin therapy
were asfollows:

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|ntravenous|ron

Inadequacy of Oral Iron in Hemodialysis
Patients A number of studies have docu-
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mented the failure of oral iron supplements to
maintain adequate iron stores in Epoetin-treated
hemodi a|yS| s patientS'SZ,134,135,139,141,149—153 (Tab|e
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 1V-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,1541% even in non-
CKD individuas only a small fraction of oral
iron is absorbed. Consequently, 200 mg of €-
emental iron ingested daily usually cannot meet
the demands of Epoetin-induced increasein eryth-
ropoiesis and hemodialysis-associated blood
losses. Moreover, since ora 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/mL1%5157 or the
transferrin saturation exceeds 20%'%® |evels 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.'5%160 However,
in the latter study involving normal subjects,16°
enhanced erythropoiesis was achieved with
amounts of Epoetin greater than those generally
given to patientswith 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
Baseline/Follow-Up
No. of Elemental Duration

Study Patients Iron/Day (mo) Hgb/Hct %TSAT Ferritin Epoetin Dose
Kooistra et al5! 19 105 10 22.8-32.8 25-24 447-265 75 U/Kgiwk
Dunea et al*>? 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 al4® 7 227 5 22.0-29.0 NA 400-100 360 U/kg/wk
Macdougall et al'4! 13 120 4 7.2-10.0 27-31 309-100 75 U/kg/wk
Wingard et alt50 46 200 6 26.3-29.7 20-21 151-106 10,660 U/HD
Anastassiades et alt>3 38 300 3 6.9-10.4 29-27 211-92 110 U/kgliwk
Fishbane et al*®® 32 195 4 31.8-31.8 21-20 179-157 7563 U/HD
Horl et al3> 12 40-80 3 22.5-33.0 NA 1,145-251 150 U/Kgiwk
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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 intravenousiron to maintain
iron stores, a small percentage of hemodialysis
patients, as well as many peritoneal dialysis and
CKD patients, are able to maintain adeguate iron
stores using only oral iron supplements, perhaps
as a result of augmented intestinal iron absorp-
tion,16% smaller blood losses, and/or lower Epo-
etin requirements,52140

IV Iron Intravenousiron has been shown to
improve responsiveness to Epoetin in selected
patients with CKD and PD patients®?140161 gnd
may reduce the amount of Epoetin needed (if
used) to achieve and maintain a target Hgh/Hct.
In addition, frequent administration of low doses
of 1V iron improves the Hgb/Hct and can reduce
Epoetin requirements in hemodialysis patients
(Table I'V-3)139-142.144-146,162 (Endnote k). In addi-
tion, severa 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 1V iron, but not always to the
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target level52134140 (Table 1V-3). Several studies
have shown the superiority of 1V iron therapy by
comparing it to ora iron therapy and showing
that IV iron therapy either increases the Hgb/Hct
and/or reduces Epoetin requirements. 139141163 | n
the 8 studies, reported by 7 authors, inwhichiron
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.138143

IV Iron Protocol

The protocol that the Anemia Work Group
recommends for administering 1V 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
dialysisfor 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

Baseline/Follow-Up Changes
No. of IV Iron Duration
Study Patients (mg/wk) (mo) Hgb/Hct %TSAT Ferritin Hgb/Hct Epoetin
Effect in Iron Deficiency
Sunder-Plassmann and Horl45 52 100 6 9.4-11.1 13-24 52-534  +18% -17%
Taylor et al*4 12 31 6 10.1-11.0 NA 68-211  +09 —33%
Sepandj et al*46 50 50 6 8.8-10.0 NA 36-217 +14% —34%
Effect with “Normal” Iron Stores
Silverberg et al40 41 50 6 28.7-33.7 27-31 99-403 +17% 0
Senger and Weiss!6? 13 25-50 12 32.6-34.7 14-36  111-609 +06 —75%
Taylor et al'#4 34 31 6 9.9-11.3 NA 176-305 +14 —33%
Fishbane et al'3° 20 200 4 32.5-344  23-75 191-754  +12 —46%
Granolleras et al'#? 18 30 4 29.0-31.0 31-33  321-654 +07 —30%
Silverberg et al4° 41 50 6 33.7-33.6  31-29  403-383 0 -61%
Macdougall et al*4! 12 125 4 7.3-11.9  26-23 345-350 +63 0
Suh and Wadhwa?6t * 100 7 29.0-38.0 18-35 267-660 +31 —27%
Effect without Epoetin
Allegra et al'34 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 al®? 33t 50 5 29.6-31.5 22-27  106-297 66%

* CAPD patients.
1 CKD patients.
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dation is 25 to 100 mg of 1V 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.16+168 Measurement of transferrin
saturation and serum ferritin may beinaccurateif
they are performed within 14 days of receiving a
single dose of 1 gram or more of iron intrave-
nousl y. 143,168,169

The frequency of maintenance IV iron therapy
can be thrice weekly (with every hemodialy-
SiS),142 twice Weekly,139~144 Week|y,140,145,161,162 or
every other week, 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 1V iron in pediatric patients should
be adjusted to weight. The regimen employed
successfully for a 10-dose course of 1V iron in
one study for pediatric hemodialysis patients is
shown in Table I'V-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 1V iron in pediatric patients. There is no
rationale for prescribing oral iron supplements,
given their inconvenience, cost, and side effects,
when 1V ironisrequired.

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 aso be appropriate for some
patients on CAPD and for some CKD patients
not on dialysis.*®

The rationale for recommending regular
amounts of 1V iron therapy to patients receiving
Epoetin for treatment of anemia of CKD is that:

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

Patient Weight
<10kg 10to 20 kg >20kg
Each dose of a 0.5mL 1.0mL 2.0mL
10-dose course (25 mg) (50 mg) (100 mg)
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Table IV-5. Iron Dextran Dosing Recommendations
for Pediatric Predialysis and PD Patients

Patient Weight
<10kg 10to 20 kg >20kg
Iron dose 125 mg 250 mg 500 mg
Volume of saline
for infusion 75 mL 125 mL 250 mL

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 1V iron will increase Hgb/Hct,
and therefore improve morbidity and survival in
CKD patients.

4. The health benefits of 1V 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 I ron Preparations

There are two iron dextran preparations avail-
ablefor IV usein 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 thereisliterature regard-
ing thair Safay and effi Cmy'l34,l40,l44,145,166,167,171-175
Intravenous iron dextran may cause dose-related
arthralgias and myalgias, aswell asidiosyncratic
reactions (anaphylactic-like, hypotension) that
arenot dose-related (see Guideline 9: Administra-
tion of a Test Dose of 1V Iron Dextran). Dose-
related adverse effects occur infrequently and are
generally mild when doses of =100 mg are
used.t’®177 1t 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 arthralgiassmyalgias.
The use of frequent, small doses of iron dextran,
given as an 1V “push” over 2 minutes, is also
more economical than giving larger boluses ad-
ministered as an intravenous infusion in dextrose
in water or saline.t’® However, it is not realistic
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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 1V 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
availablein 62.5 mg/5.0 mL ampules. Thisform
of 1V iron has been claimed to cause “ oversatura
tion” of transferrin, leading to hypotension,
caused by freeiron.1” 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 1V 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.”17 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.’6” 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.'% Clinical trias are now
in progress to determine whether bolusinfusions
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
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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 I ntrave-
nous lron 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.’® The
incidence of life-threatening/serious acute reac-
tions to 1V iron dextran has been reported to be
0.65% (3 of 471 general patients)1’6 and 0.7% (4
of 573 didysis patients).!8 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 1V iron
dextran tend not to receive |V iron dextran again,
the rate of serious or potentialy life-threatening
adverse reactionsto |V iron dextran, as a propor-
tion of injections, rather than patients, is even
smaller—approximately 0.1%.176 Although this
incidenceislow, it suggeststhat 1,200 life threat-
ening/serious acute reactions could occur in the
200,000 hemodialysis patients in the United
Statesif all received 1V 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 eventswere rel ated to the use of
Imferon. It is not clear whether the incidence of
side effects from InFeD® isidentical to that from
Imferon®.182 Another intravenous iron dextran
preparation, DexFerrum® has amolecular weight
of 265,000.18180 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-
rume®) 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-
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related and rarely occur with doses of 100 mg or
less.176 By contrast, as many as 59% of patients
experience the arthralgiamyalgia syndrome af-
ter total doseinfusion (TDI).183-186 Occurrence of
an arthralgiaamyalgia 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. Therelationship of arthralgiasand myal-
giasto 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.'”> 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.12 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 abdomina cramps
and hypotension.’® 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 dlow 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.’® In the hemodi-
alysis patients participating in one of thefirst US
trials with sodium gluconate,there is no evidence
that patients who react to iron dextran will react
to iron gluconate.16

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 report!® noted that if
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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 freeiron.

Sincethere are so little data published concern-
ing the possible adverse effects of 1V iron prepa-
rations, the Anemia Work Group recommends
the establishment of aregistry 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 methodol ogical 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 establishesthe upper limit of safety
for serum ferritin in patients receiving 1V iron
therapy. For instance, iron overload has been
defined as being present when the serum ferritin
chronically remains above 1,000 ng/mL%* or
above 500 ng/mL*%3 by the same authors. On the
other hand, a study in which bone marrow iron
stores were assessed in conjunction with serum
ferritin levelsin Epoetin-treated dialysis patients
indicated that iron overload was not present in
conjunction with aserum ferritin level ashigh 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-
dothdlial cells,'%® with very little parenchymal
cell damage.®® 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.'®8 However,
these patients inherited the hemochromatosis al-
leles. Liver cell damage was noted in the pre-
Epoetin erawhen some adult and pediatric dialy-
sispatients devel oped transfusional hemosiderosis
and had serum ferritin levels in excess of 7,500
ng/mL and TSAT levels greater than 88%1891%
(Endnote 1). 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.19t
An increased incidence of bacteria infections
has been reported to be associated with iron
overload.191%4 However, there is a dichotomy
between the in vitro and in vivo data as to
whether iron suppresses phagocytosi s'9219:1% and
whether iron overload induces infection.¥ 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.1%” 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)1% in ane-
mic hemodiaysis patients prior to the advent of
Epoetin therapy re-examined thisissue and found
that anemia (Hgb =9 gm/dL), and not an -
evated serum ferritin level, isarisk factor for an
increased incidence of bacteremia.’®® 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 199200 On the other hand, neutrophil dys-
function has also been noted in hemodialysis
patients who are not iron overloaded, but who
are receiving |1V iron, with transferrin saturation
values <20% associated with serum ferritin lev-
els >650 ng/mL.2t 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
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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 guidelinesis 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. 166181 Furthermore, iron overload, if
present, can be reduced by the combination of
increased Epoetin therapy and regular phle-
botomy.202

Summary

Avail able 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 amost always present in
nontransfused hemodialysis patients receiving
Epoetin.

3. Although some hemodialysis patients have
been able to avoid absolute and functiona iron
deficiency by taking only oral iron supplements,
most hemodialysis patients require 1V 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
failureto use 1V iron (because many patientswill
be anemic unless they receive IV iron, and ane-
mia is associated with increased morbidity and
mortality), there also is somerisk associated with
the use of 1V 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
alevel of =20% and =100 ng/mL, respectively,
inal patients.

7. Because many patientswill still befunction-
aly 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 isto improve erythropoiesis,
not to attain specific levels of TSAT and/or
serum ferritin.?% 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%.1% 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 1V iron dextran therapy, a
one-time test dose of 25 mg (in adults) should be
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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 1V push at arate not to exceed 1.0
mL (50 mg, if undiluted) per minute. (Opinion)

Prior to initiating 1V iron gluconate therapy in
adults, a one-time test dose of 25 mg should be
given V. 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
packageinsert, 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 1V 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
rare!’6181 and have not been reported in associa-
tion with the use of iron gluconate.'” A history
of multiple drug allergies is associated with in-
creased risk of an acute iron dextran reaction,7®
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
doseisinjected, assuming noinitial 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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Table IV-6. Amount of Elemental Iron and Cost of Various Oral Iron Preparations208

Amount of Average Monthly

Iron Preperation Tablet Size Elemental Iron Wholesale Cost

(without added vitamins or folic acid) (mg) (mg) (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 $7.12t

* Of elemental iron.
1 150 mg iron per day.

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 afirst 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 elementa iron per day, in 2 to 3
divided doses in the adult patient, and 2 to 3
mg/kg/day in the pediatric patient. Ora iron is
best absorbed when ingested without food or
other medications. (Evidence)

Rationale In CKD and PD patientswith mini-
mal daily iron losses, provision of 200 mg €-
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. 15515 | ron absorption isalso
increased as erythropoiesis increases, such as
occurswith Epoetin therapy. 159159160 Whil e 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 %57

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.?%4 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, %0 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.2%
Aluminum-based phosphate binders can aso re-
duce iron absorption.2% Ascorbic acid does not
improve ferrous iron absorption.?”

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.
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Table 1V-6 providesinformation on the amount 2 to 3 mg/kg/day of elementa iron in divided
of elemental iron in different preparations and doses. Thereare oral liquid iron preparations that
the monthly cost of taking 200 mg of elemental might be more applicable for young pediatric

iron per day. patients than the solid dose forms noted in Table
The standard oral iron supplement inachildis IV-6.



V. 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 1V 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 peritonea 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 theinitial administration of Epoetinis|V 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,?0%-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 1V injections, it is likely that
Epoetin would always be administered intrave-
nously to hemodialysis patients, were it not for
therelatively high cost of Epoetin.

In CKD and peritonea dialysis patients, it is
inconvenient as well as costly to administer
Epoetin intravenoudly. 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-
tionin effectiveness of Epoetin related to whether
it isadministered SC or 1V. 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.103145.170.212-245 Tyyg recent studies con-
firm the variability of response whether Epoetin
isgiven 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.24
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.?*’

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 agroup of patients, such as all patients
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receiving hemodialysis in a dialysis center, ad-
ministration of Epoetin viathe SC route appears
to be more efficient than 1V 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 alow 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.331% 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
unlessit isgiven 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 isto achieve the target Hgb/Hct within a 2-
to 4-month period (corresponding to the lifespan
of red blood cellsin CKD) through the induction
of a slow, steady increase of the Hgb/Hct. Ide-
aly, that dose will turn out to be the dose
necessary to maintain the Hgb/Hct at the target
value2®

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

In pediatric PD patients, the median weekly
Epoetin dose required to maintain atarget 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.1’%24 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.?

GUIDELINE 13

Switching From Intravenousto
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 1V dose should be adminis-
tered SC intwo 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, theinitial
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 1V administration,212-215.221,225.232.239 Gimple
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% lesswith
SC dos ng than with 1V dos ng.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 aready 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 V.23
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

Strategiesfor 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 dialys's trestments, con-
tinue Epoetin administration subcutaneoudly.

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

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

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

e Use a multidose Epoetin preparation that
contains benzyl alcohol.

e Divide the doses (a smaler volume for
injection may reduce discomfort).

e Administer a single, weekly injection to
patients receiving asmall dose.

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

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

Rationale Itisimpractical to administer Epo-

etin to CKD or PD patients intravenously, for
reasons of staff and patient convenience. It is
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reasonable to continue SC administration after
hemodialysisisinitiated.

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 Hgh/Hct with less Epoetin.

Once al patients in a dialysis unit have been
educated about the rationale for SC Epoetin
administration (summarized in Table 1V-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 afa, and has been attributed to the
presence of a citrate buffer in the single-use vial.
The multidose vial of Epoetin afa contains the
preservative benzyl alcohol, which actsasalocal
anesthetic and reducesthe stinging. This prepara-
tion has been better tolerated than the single-use
vial when Epoetin afais given SC.2°

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-
sisunit 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
weeksfollowing 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 Hghb/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 (0.2t0 0.5 g/dL) per week (hemat-
ocrit rise of 1% per week [typical response
range, 0.5% to 1.5% per week]).6573108251-254
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 theincreasein 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-
guency 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

GUIDELINES FOR ANEMIA OF CHRONIC KIDNEY DISEASE

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 inthe 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.6573:251.253
The Epoetin dose increases recommended will
also avoid unnecessary delays in obtaining a
desired erythropoietic response.

A recommendation as to whether Epoetin
should bewithheld (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 canresult 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

I nability 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 unitgkg/wk (typically
9,000 units/week), given in three divided doses.
(Opinion)

Rationale Despite the best efforts of physi-
ciansand dialysis staff to educate patientsregard-
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 devel ops 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.?>® If Epo-
etinisgiven |V, itisbest toinjectitinto either the
arteria or venous blood lines (ig, 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.?®
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.1%

GUIDELINE 18
Intraperitoneal Epoetin Administration

For peritoneal diaysis patients in whom SC
or IV administration of Epoetin is not feasible,
intraperitoneal (1P) administration may be consid-
ered. 1P administration must be done into a dry
abdomen or one with aminimal amount of dialy-
sate.

| P 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.?>” Perhaps
for this reason, Epoetin doses are higher with IP
administration, if mixed with dialysate, than with
either IV or SC administration®'% a “dry” abdo-
men results in better absorption.?5” For example,
in pediatric patients, if Epoetin is administered
intraperitoneally into a full dialysate dwell vol-
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ume, absorption of Epoetin is less than 50% of
that attained with SC administration, but absorp-
tion is enhanced if ingtilled with a small amount
(50 mL) of dialysate.?*® Therefore, in pediatric
patients, if 1P administration of Epoetin is used,
itisbest to infuseit into a“dry” abdomen or one
with aminimal amount of dialysate.

GUIDELINE 19

Epoetin Dosage Perioperatively or During
Intercurrent lliness

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.29259-262 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,263-26°
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.



V. Inadequate Epoetin Response

BACKGROUND

Ninety-six percent of patients will respond to
Epoetin at 450 units’kg/wk 1V (a dose expected
to produce a comparable response to 300 units/
kg/wk administered SC%3) within 4 to 6 months,
provided that there are adequate iron stores.®
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 1V 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 1V (or 50
units’kg SC) per week.

GUIDELINE 20
Causesfor Inadequate Response to Epoetin

The most common cause of an incomplete
response to Epoetin isiron 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 Guidelines5, 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 patientsrefractory 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 Hgh/Hct, transfuse

with red blood cells (see Guiddine 23: Red
Blood Cell Transfusionsin Dialysis Patientswith
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,
thefirst 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.2:259.266-270 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.2© 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-1.267268 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,
resultsin iron deficiency and thusimpaired Epo-
etin response.®® Blood loss should always be
suspected in patientswho requireincreasing doses
of Epoetin to maintain a stable Hgb/Hct, in
patients whose Hgb/Hct levels arefalling, and in
patients with failure to augment iron storesin 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.27

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 absol ute resistance to therapy.?’7-27°

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
hemogl obin F.280-282 Both alphaand beta thal asse-
miamay respond poorly to Epoetin. Alphathalas-
semiais more common among Asians and those
of Asian ancestry. Treatment of apha thalasse-
miawith Epoetin may increase Hgb slowly, with
effective therapy usualy requiring very high
doses over along 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.?®>288 One
study, however, suggests that concomitant fo-
late administration improves Epoetin re-
sponse.28 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.?® 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) reticulocytesinto circulation. Iron over-
load is also associated with macrocytosis. >

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 (increasesin Hgb
from 5.9 t0 6.2 g/dL) has been reported at doses
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of 125 units/kg/wk SC to 320 units’kg/wk SC in
some patients,?® although others appear not to
require transfusions on regimens of 120 to 140
units’kg/wk. 24222 The reason(s) for the varying
effectiveness of these dosing schedules is un-
clear. Severa reports have expressed concern
over the potentia for stimulation of malignant
clone proliferation with chronic cytokine therapy
(Endnote n).2°0-2% Despite this potential concern,
Epoetinis 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 alow serum abumin.?® The
effect of nutritional status on Epoetin responsive-
ness in ESRD patients has received little atten-
tion.?% 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
exposure?® and with hemolysis resulting from
multiple cardiac valve replacements.?%

Other Potential Causes Angiotensin-con-
verting enzyme inhibitors (ACE-I): There was
initial concern that ACE-l would worsen the
anemia of CKD because of its ability to diminish
posttransplant erythrocytosis.2®” Subsequent re-
ports provide conflicting information: three sug-
gest that there is no inhibition of Epoetin by
ACE-|,298-300 \whereas four brief reports and one
recent study,3% in which no other cause of Epo-
etin-resistance could be determined, concluded
that ACE-I did inhibit the action of Epoetin.30%-
304 The mechanism of action of such an effect, if
present, is not known, but considerations include
interference with native erythropoietin secre-
tion,3% blunting of the effect of Epoetin, or direct
inhibition of the erythroid marrow response to
Epoetin. Patients receiving ACE-I who aretreated
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. Maignancy 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.’?*

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
anemiaof CKD. Other therapies have been shown
to be either partialy 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.3%6-3% 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
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13 carnitine-treated patients,3*® 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.31°
More controlled trials are needed with carnitine
before definitive recommendations for its use as
an adjuvant therapy can be made (see aso
K/DOQI guidelines on Nutrition).

2. Androgens: Studies designed to assess
whether androgens enhance response to Epoetin
areinconclusive (ineffective 3" effective’!?). An-
other recent study indicates that the erythropoi-
etic response to androgensin 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.3'3 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 aclinical 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.3* A
recent study reported that ahigher delivered dose
of dialysisimproves Epoetin effectiveness.?® 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.31® 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.3Y” 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
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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.



VI. Role of Red Blood Cdll Transfusions

GUIDELINE 23

Red Blood Cell Transfusionsin Patients With
Chronic Renal Failure

Red blood cell transfusions areindicated 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 Thefollowing principlesregarding
red blood cell transfusion, promulgated by the
American College of Physicians,®!® 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. Determinewhich, if any, symptoms or sgnsare
likely to be reversed by giving red blood cdll transfu-
sons If none can beidentified, do not transfuse.
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VII1. Possible Adver se Effects Related to Epoetin Therapy

BACKGROUND

During the initial Epoetin clinica 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 Adver se 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 atotal of 3,428 patients (approximately
23%) developed hypertension or an increase in
blood pressure during treatment with Epo-
ati n_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,®*® no single factor
has been consistently linked to this response in
the minority of CKD patientsin 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.3%7
One in vitro study showed that Epoetin (250
U/ml) inhibited IL-1B8-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 cellsin 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.3® 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 isadministered IV, but not when it
is administered SC.3% The increase in MAP is
associated with an increase in theratio of plasma
endothelin to proendothelin®® and may be asso-
ciated with elevated cytosolic ionic calcium and
nitric oxide resistance.®%! Theincidence of hyper-
tension associated with Epoetin is not associated
with either the dose of Epoetin or whether a
normal Hct is achieved.f%12° The hypertensive
responseis not observed in anemic patientswith-
out rena disease who are treated with Epoetin.?*
Therefore, the cause of the Epoetin associated
clinical hypertension remains unresoved to date.
New onset or worsening hypertension in associa
tion with Epoetin therapy isthought 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 anincreasein the dose of
anti-hypertensive medications, intensified ultra-
filtration if there is evidence of extracellular
volume expansion, and/or areduction 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. Thereis 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 encephal opa
thy occurs, with or without seizures, Epoetin
should be discontinued until clinical stability is
achieved.

GUIDELINE 25

Possible Adver se 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 States®® 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%6,22322:329,342,348,352,362-365
None of these studies reported the presence or
absence of seizure history prior to the use of
Epoetin. Thereisonly one controlled study which
has examined the incidence of seizure activity in
dialysis-dependent ESRD patientsin the absence
of Epoetin therapy. In this study, one out of 20
patients (5%) not on Epoetin had a seizure.3%
Except in the case of patients with hypertensive
encephal opathy, there appears to be no evidence
of an increased risk of seizuresin 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 Adver se Effects Related to Epoetin
Therapy: Increased Clotting Tendency

A. Thereisno need for increased surveillance
of access thrombosis in hemodiaysis 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 Hctswere 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-
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sisin one study that compared patients receiving
and not receiving Epoetin.37°

There is evidence that Epoetin therapy does
not increase the risk of progressive stenosis in
native fistulae3”” The evidence that Epoetin
therapy increasestherisk of PTFE graft thrombo-
sisisequivocal (Endnote o). In the recent Amgen
study of hemodialysis patients with heart disease
(CHF and/or ischemic heart disease), therewas 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.&

There are many studiesindicating that clotting
function improves as the Hct increases to above
30% in dialysis patients.®”® However, there is no
evidence from the large, North American multi-
center studies®™>73 that increasing the red blood
cell masswith Epoetin increases dialyzer heparin
requirements, although a 20% to 40% increase in
heparin requirements was noted in one European
study.3™ 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.37

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.®® 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.
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Possible Adver se 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,®
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 series?®?32 gcoounting 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.



VIll. Endnotes

SECTION I: ANEMIA EVALUATION
(@)

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 initialy, with minimal response, and
then received 50 mg of |V ferric saccharate every
week for atotal 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.>?

SECTION I1: TARGET
HEMOGLOBIN/HEMATOCRIT

(b)

In the Canadian study,” 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,’* cardiac
index and heart rate were clinically and statisti-
caly 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,” possibly
because of the relatively small number of pa
tients.

(©)

Hgb levels among 107 patients without LVH
were 11.9 = 2.0 g/dL, whereas in 68 patients
withLVH, Hgblevelswere11.0 = 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 physiologica response to a de-
crease in the total oxygen content of arterial
blood.38! 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.®®2 Using PET
scans and oxygen (O,)'® inhalation, adecreasein
total oxygen content of arterial blood from 19.1 =
1.0t016.9 = 1.0 mL/dL (P < 0.005) was dem-
onstrated. Despite an increase in cerebral blood
flow, there was dtill a decrease in oxygen deliv-
ery to cerebral tissue. The authors concluded that
optimal Hct for the human brain isthat normally
found at sealevel. Thisfinding 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 themaximal level of oxygen delivery occur-
ring within a Hct range of 40% to 45%.

(€)

Of 1,410 hemodiaysis 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.33 |n response to this letter,
the lead author on the study seems uncertain
about his findings by stating “we do not think
that EPO isthe culprit of the observed increasein
incidence of stroke/AMI,” and yet also adds*“we
believe that the introduction of EPO and the
changes in patient demographics caused the dif-
ferencein theincidence of stroke/AMI.”3% 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,®> an incidence not ob-
served in the United States.

SECTION I11: IRON SUPPORT
()

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 diaysis 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.%

(9)

Hemodialysis patients typically lose up to 15
to 25 mL of whole blood at each dialysis treat-
ment (approximately 60 mL per week) as aresult
of retention of blood in the dialyzer and tubing,
and phlebotomy for blood testing.38:387 |f such
patients have a Hct of 36%, this constitutes an
average loss of 3 mL of RBC per day. Average
(in anormal subject) Gl 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 femal es, 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 lossesup to 6 to 8 grams
have been documented.*33
(h)

Since blood volume is approximately 8% of
body weight, a 70 kg patient has a blood volume
of approximately 5to 6 L. At an Hct of 25%, this
represents an RBC volume of 1,400 mL (5,600
mL X 25%). At an Hct of 35%, a blood volume
of 5to 6 L represents an RBC volume of 2,000
mL (5,600 mL X 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 aterna-
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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.

)

For example, a recent small study®® 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 aTSAT =30%. The sameinvestiga-
tors concluded that 12% of patients who had a
TSAT <15% were not iron deficient. However
the protocol theseinvestigators 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 1V iron given was limited to one
gram) could have resulted in an underestimate of
patients who were functionaly iron deficient.
This same study®” noted that 50% of patients
who were functionally iron deficient had serum
ferritin levels <100 ng/mL, while 10% of pa-
tients who were functionaly 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.35142.145
(k)

With the exception of two studies involving
CAPD patients!'3*161 gnd one study involving
CKD subjects,>? the studies summarized in Table
IV-3 show the overall effects of regular 1V iron
administration in hemodialysis patients. Only
mean val ues are depicted. The amount of 1V iron
is reported in milligrams per week. The fre-
guency of iron administration varied from 3
times per week to once every other week. The
duration of the studiesisindicated by the number
of months depicted. Thefirst three studies showed
the effects of 1V iron in iron-deficient subjects.
Eight studies by seven authors depicted the ef-
fectsof IV iron onindividuals 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 1V iron varied from 99 to 403 ng/mL.
The serum ferritin values did not exceed 800
ng/mL.

()

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 adultsand 5
children) was associated with serum ferritin lev-
elsof 11,110 = 1,679 ng/mL and 7,550 + 3,088
ng/mL, respectively,'® 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.'®
(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.1%* 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 a6-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 isdifficult 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.18
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SECTION V: INADEQUATE EPOETIN
RESPONSE

(n)

Two hemodialysis patients with multiple my-
eloma relapsed in the setting of aggressive Epo-
etin therapy?®; 1 patient rel apsed, after a6-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
(1.56t010.75 g/L) inanondialysis patient fol low-
ing treatment with 4,000 units twice weekly;
excretion reverted to pretreatment levels with
discontinuation of Epoetin.?®® Two observations
provide physiologic rationales for these clinical
observations: erythropoietin receptors are ex-
pressed on human myeloma cells,3® and noner-
ythroid marrow elements at the progenitor cell
level respond to therapeutic doses of Epoetin in
dialysis patients,391.39

SECTION VII: POSSIBLE ADVERSE
EFFECTS RELATED TO EPOETIN
THERAPY

(0)

The Canadian multicenter trial3® suggeststhat
Epoetin increases therisk of thrombosisin 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.”
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X. Biographical Sketchesof 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 haslectured 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), isMedical Director and Chief Medi-
cal Officer of the Centers for Diaysis Care,
Cleveland, Ohio. He and 40 other nephrologists
in the Cleveland area are working to improve
clinical outcomesfor 1,000 patients. Dr. DeOreo
isan 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 Externa 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 functiona 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 thefields
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. Bernsis 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 isaco-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.
GeraldineBiddle, RN, CNN, isthe President
of Nephrology Nurse Consultants. Sheis a certi-
fied Nephrology Nurse who has worked in the
field of renal dialysisfor 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-
tiona 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 errorsin diaysis. The video, Human
Factorsin Dialysis, later won the Commissioner’s
Citation. Mrs. Biddle is a Certified Professional in
Hedthcare Quality and teaches quaity manage-
ment and CQI to dialysis staff at locdl, regiond and
national workshops. She is a former President of
the American 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. Biddleisa
consultant to the ESRD Network of New York, and
the HCFA Office of Clinica 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
drugsin 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 hemodiaysis.
He has also guided protocol development for
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anemia management in affiliated dialysis cen-
ters. He is an active member of the American
Coallege of Clinical Pharmacy - Nephrology Prac-
tice Research Network and other pharmacy and
nephrology organizations, and serves on the ne-
phrology editoria 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 dialysisand transplantation in children aswell
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. Sheis 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 &ffiliated 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 Servicesin 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 Medicineat Harvard Medical Schoal.

Allen Nissenson, MD, is aProfessor of Medi-
cineat the University of California, LosAngeles,
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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 wasrecruited to UCLA in 1977, where
he developed a comprehensive dialysis program.
Dr. Nissenson has served as Chair of the South-
ern California End Stage Rena 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 peritonea dialy-
sis. Heis 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, andisa
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 diaysis 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-
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versity of Washington School of Medicine in
Seattle. Dr. Stivelman hasbeeninvolved ininves
tigative effortsto optimize hematopoietic therapy
for didysis patients since recombinant erythropoi-
etin was used in phase |1l 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 a so 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 Associatesin 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 trialsin hisfield, begin-
ning with the US Phase |11 Epoetin alfatrials. He
has served as Chief of the Renal Section at the
Arizona Health Sciences Center, Medical Direc-
tor of the University-affiliated Desert Diaysis
Center, Chief of Medicine at the Tucson VA
Medical Center, coordinator of medical student
and residency training programs at the VA Medi-
ca Center, and is a member of the Arizona
Kidney Foundation Medical Advisory Board.



