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3.1 Target Hemoglobin Levels
Population: all nondialysis-chronic kidney disease patients
not receiving erythropoietic-stimulating agent therapy

Clinical Practice Guideline

3.1.1 Initiate erythropoietic-stimulating agent (ESA) therapy
when iron stores have been corrected, other reversible
causes of anemia have been treated, and the hemoglo-
bin level is sustained below 100 g/l (Opinion).

Population: all chronic kidney disease patients receiving ESA
therapy

Clinical Practice Guideline

3.1.2 Prescribe ESA therapy to achieve a target hemoglobin
level of 110g/l (Grade A for hemodialysis-chronic
kidney disease (HD-CKD) and nondialysis-chronic
kidney disease (ND-CKD); Grade B for peritoneal
dialysis-chronic kidney disease (PD-CKD)). An
acceptable hemoglobin level range is 100-120 g/1.

BACKGROUND

In patients with chronic kidney disease (CKD), anemia is
associated with left ventricular hypertrophy and adverse
cardiovascular and clinical outcomes. Moreover, anemia is
associated with a reduction in quality of life, particularly
when the hemoglobin level drops below 100g/l' Thus,
the goal of treating anemia in iron-replete patients with
erythropoietic-stimulating agents (ESAs) is to reduce the
likelihood of cardiovascular events, improve patients’ survival,
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and improve patients’ quality of life while minimizing any
deleterious effects of the drug. Given that ESAs increase
blood pressure and have other potential side effects, it is also
important to assess whether the quantity of the ESA used
might contribute to adverse events such as more rapid
deterioration of kidney function, earlier requirement for
dialysis, and vascular access failure. It is acknowledged that, if
left untreated, patients with severe anemia may require blood
transfusions, which have associated risks and costs, and
possible implications for patients awaiting a kidney trans-
plant. In light of this, in most developed countries, the
question for CKD patients with significant anemia has often
not been whether to use ESAs, but when to use them and
what target hemoglobin level to aim for.”

The earliest anemia correction studies in nondialysis-
chronic kidney disease (ND-CKD) and hemodialysis-chronic
kidney disease (HD-CKD) patients compared the use of
erythropoietin o with placebo.”™ Most early studies were not
designed and powered to examine clinical outcomes other
than quality of life, and no differences were apparent in such
other outcomes. Several of the studies showed improvements
in quality of life compared with placebo.””

Subsequent randomized control trials (RCTs) have tended
to examine the impact of using ESAs to achieve different
target hemoglobin level ranges on surrogate endpoints, such
as left ventricular (LV) mass, where patients with the lower
hemoglobin target would be less likely to require the use of
an ESA or would require lower doses to maintain the
prespecified lower target hemoglobin. Two RCTs®” in HD-
CKD patients compared with the use of ESAs to achieve
intermediate hemoglobin and high hemoglobin targets.
Although both studies showed no difference in progression
of LV mass, the higher target hemoglobin led to improved
quality of life in some of the domains, but the size of this
effect waned over time.*’

In the four RCTs involving ND-CKD patients, which
compared intermediate hemoglobin (90-105g/1) and high
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hemoglobin targets (120-140 g/1)*™! with regard to LV mass,

no differences in LV mass were observed. However, variable
effects in quality of life were seen in three out of four®'®"
of these studies, and in the much larger correction of
hemoglobin outcomes in renal insufficiency (CHOIR) trial.'?
(Quality-of-life outcomes were not reported from the trial by
Levin et al’) In the study by Roger et al,® no significant
difference was noted in quality-of-life scores, although this
finding may be attributable to failure of the intermediate and
high arms to attain the prescribed difference in achieved
hemoglobin levels (108 vs 121 g/1). In the Anemia Correction
in Diabetes (ACORD) Study, which randomized patients
with diabetes and stages 1-3 ND-CKD, there was a clinically
small but statistically significant difference reported in one of
the eight measured domains of the Short Form-36 (SF-36).1°
Although quality of life in the cardiovascular risk reduction
by early anemia treatment with epoetin B (CREATE) trial'!
improved in the higher hemoglobin target group across all six
measured domains, the effect size diminished with time.
Finally, no quality-of-life benefits were observed for the high
hemoglobin target group in the CHOIR trial."?

Three studies specifically designed to test the effect of
different target hemoglobin levels or ranges on hard clini-
cal outcomes have been completed: one in HD-CKD
patients,13’14 and more recently two studies in ND-CKD
patients.">'? In the study by Besarab et al.,'> 1233 patients
with clinical evidence of congestive heart failure or ischemic
heart disease, who were undergoing hemodialysis were
assigned to receive increasing doses of ESA to achieve and
maintain a hemoglobin level of 140g/l (n=618), or to
receive doses of ESA sufficient to maintain a hemoglobin
level of 100 g/l throughout the study (n=615). The primary
endpoint was the length of time to death or to a first nonfatal
myocardial infarction, and the study duration was 14
months. The study was stopped early for poorly defined
reasons. There were 183 deaths and 19 nonfatal myocardial
infarctions among the patients in the normal hematocrit
group, and 150 deaths and 14 nonfatal myocardial infarctions
among those in the intermediate hematocrit group (risk
ratio for the normal hematocrit group as compared
with the intermediate hematocrit group, 1.3; 95% confidence
interval (CI), 0.9-1.9). A publicly available Food and Drug
Administration report, however, notes that some additional
patients who initially experienced a nonfatal myocardial
infarction contributing to the primary endpoint subsequently
died, bringing the total number of deaths at final data
collection to 406 (221 (35%) in the high hematocrit
group and 185 (29%)) in the low hematocrit group)
(P=0.01 by log rank test of event-free survival).'”> Patients
in the high hematocrit arm required more iron supplements
and nearly three times the dose of erythropoietin on average.
On the basis of this study, the investigators recommended
that in hemodialysis patients with clinically evident con-
gestive heart failure or ischemic heart disease, administration
of erythropoietin to raise hemoglobin level to 140g/1
not be used.
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In ND-CKD patients, two recent large RCTs have helped
to inform this target hemoglobin level guideline.'™'* In the
CHOIR study, 1432 patients with ND-CKD were assigned to
receive either an ESA dose targeted to achieve a hemoglobin
level of 135 g/l or a dose targeted to achieve a level of 113 g/l.
The primary endpoint, a composite of death, myocardial
infarction, hospitalization for congestive heart failure (with-
out renal replacement therapy), and stroke, occurred in 125
patients in the high hemoglobin group, as compared with 97
patients in the intermediate hemoglobin group (hazard ratio,
1.34; 95% CI, 1.03-1.74; P=0.03)."* The hazard ratio for
death comparing high vs intermediate hemoglobin target was
1.48 (P=10.07). As discussed above, using the Kidney Disease
Questionnaire and the SF-36, the investigators found no
difference in health-related quality of life for patients in
the intermediate and high groups. Patients randomized to the
high hemoglobin group had more serious adverse events.

In the CREATE study, 603 patients with ND-CKD and
mild-to-moderate anemia were randomly assigned to a target
hemoglobin level range of 130-150 g/I, or 105-115g/L."" The
primary endpoint, a composite of eight cardiovascular events,
occurred in 58 patients in the high hemoglobin group and 47
patients in the intermediate hemoglobin group (hazard ratio
0.78 for intermediate vs high groups, P=0.20). Dialysis was
required in more patients in the high-hemoglobin group than
in the intermediate hemoglobin group (127 vs 111, P=10.03)
even though rates of change in eGFR were similar. Although
higher hemoglobin targets led to improvements in quality of
life, the magnitude of these effects diminished over time. In
addition, it is unknown whether the nonblinded nature of the
trial influenced these quality-of-life findings. There was no
significant difference in the incidence of adverse events overall
between the two groups.

After these studies were completed, a meta-analysis
examined whether targeting different hemoglobin level
concentrations with ESAs was associated with altered all-
cause mortality and cardiovascular events in CKD patients
with anemia.'® This meta-analysis included studies that
(a) assessed the effects of targeting different hemoglobin level
concentrations in CKD patients with anemia who were
randomly assigned to treatment with ESAs, (b) recruited at
least 100 patients, and (c) had a minimum follow-up of 12
weeks. The results of nine RCTs enrolling 5143 patients were
included. There was a significantly higher risk of all-cause
mortality (risk ratio, 1.17; 95% CI, 1.01-1.35; P=0.031) and
arteriovenous access thrombosis (risk ratio, 1.34; 95% CI,
1.16-1.54; P=0.0001) in the higher hemoglobin target group
compared with the lower hemoglobin target group.

Summary

Targeting a hemoglobin level above 130 g/1 using higher doses
of ESAs does not provide clinically significant benefits and is
associated with an increased incidence of death in HD-CKD
and ND-CKD patients, and with the need for dialysis in
patients with ND-CKD. The target hemoglobin level in the
intermediate hemoglobin groups in the largest RCTs
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generally ranged from 90 to 120g/l, and it is unknown at
what target hemoglobin level above this range the incidence
of adverse events increase. Given this, and noting that the
quality-of-life improvements associated with high hemoglo-
bin targets were inconsistently noted or clinically small, for all
CKD patients receiving ESA therapy, we recommend a target
hemoglobin level of 110g/1. Given that it is not practical to
achieve a hemoglobin level of exactly 110g/l, a hemoglobin
level range between 100 and 120g/l (aiming for 110g/l) is
acceptable for monitoring compliance with this clinical
practice guideline. Practical aspects of achieving this target
hemoglobin level and avoiding hemoglobin levels above
120g/l, as recommended by the recent Health Care
Professional Letter released jointly by Health Canada and the
makers of Eprex and Aranesp, are discussed further in section
3.8, which discusses the protocol-based administration of ESAs.

Given that there has been no demonstrated benefit to
starting ESAs early, and that an increased risk of adverse
events has not been ruled out, asymptomatic ND-CKD
patients should not receive ESA therapy until the hemoglobin
level falls below 100 g/1, and then only once iron supplemen-
tation has been considered and other reversible causes of
anemia have been treated.

Note

This guideline engendered significant discussion and debate
both between the Canadian Society of Nephrology (CSN)
anemia guideline members and at the CSN annual meeting,
particularly given the above-mentioned Health Care Profes-
sional Letter stating that the hemoglobin level during ESA
therapy should not be higher than 120 g/l. It should be noted
that the guideline group considered other hemoglobin targets
(for example, target hemoglobin level 105g/l, or target
hemoglobin level range 100-110g/1). All guideline members
agreed that targeting hemoglobin level above 120 g/1 should not
be undertaken. There was less agreement as to the extent of the
safety concern for patients in whom the hemoglobin level rises
incidentally above 120g/l, despite targeting at 110g/l, and
whether they were at increased risk of cardiovascular events. It
was generally agreed that hemoglobin levels > 120 g/ should be
avoided, and this is addressed under section 3.8, which discusses
the protocol-based administration of ESAs.

3.2 Route of ESA Administration
Population: ND-CKD and PD-CKD patients receiving ESAs

Clinical Practice Guideline
3.2.1 Administer ESAs by the subcutaneous route (based
on improved efficacy and convenience) (Grade C).

Population: HD-CKD patients receiving ESAs

Clinical Practice Guideline

3.2.2 Administer ESAs by either the subcutaneous or intra-
venous route, as determined by the individual assessment
of risk, cost, and patient preference (Opinion).
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BACKGROUND

All ESAs given either intravenously or subcutaneously have
been shown to achieve and maintain target hemoglobin
levels. Epoetin o administered by the intravenous
route requires an increased dosage to achieve similar
hemoglobin targets when compared with the subcutaneous
route.'”?* In a meta-analysis of 26 prospective studies,
subcutaneous epoetin o resulted in a 29.8% reduction in dose
compared with intravenous use.'® In accord with that
observation, two recent prospective observational studies in
Canadian hemodialysis patients demonstrated a 20-26%
increase in the dose of epoetin o when iron-replete patients
were switched from subcutaneous to intravenous epoetin o.***
In CKD patients the use of ESAs by the subcutaneous
route has been associated with a greater risk of pure red
cell aplasia (PRCA) than intravenous administration,
likely due to the greater immunogenicity of subcutaneous
administration. The increase in PRCA associated with
subcutaneous Eprex occurred between 1998 and 2002
and was likely related to leachates from uncoated rubber
stoppers of prefilled syringes. This risk has been attenuated
by coating the stoppers of the prefilled syringes of Eprex*®*’
(see section 3.7).

Although there remains at least a theoretical risk of PRCA
with any ESA product given subcutaneously, in view of the
significant increase in dose and subsequent cost to healthcare
funding agencies of using epoetin o subcutaneously, it may
be reasonable to reexamine the cost implications of using
intravenous epoetin o in HD-CKD patients.

Few trials compare intravenous against subcutaneous
administration of darbepoetin o. A recent single-centre,
open-label, prospective randomized crossover study in 58
stable hemodialysis patients demonstrated a 5.9% (95% CI,
1.2-28%) decrease in darbepoetin o dose when administered
by the intravenous route compared with the subcutaneous
route,”® although a previous crossover study found no change
in dose between intravenous and subcutaneous administra-
tion of darbepoetin o.*’

3.3 Frequency of ESA Administration
Biological responses to ESAs are not completely explained by
pharmacokinetic profiles of these agents, and other factors
may be involved including different modes of interaction
with the erythropoetin receptor. However, the pharmacoki-
netic profile of epoetin o may explain the need for more
frequent dosing when using the intravenous route compared
with the subcutaneous route. When given intravenously,
epoetin o and epoetin B have half-lives of 5-11h each,
whereas following subcutaneous administration the half-lives
are prolonged to 19-25h.*” In HD-CKD patients, intravenous
epoetin o should be administered thrice weekly, because
reduction in dosing frequency may lead to increased dose
requirements.”* =2

Regarding subcutaneous administration, a recent
Cochrane Collaboration review reported a nonsigni-
ficant 12 U/kg/week increase in dose of epoetin o when
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administered once weekly compared with thrice weekly. The
cost of this additional epoetin o needs to be assessed, in
particular with regard to patient preference and compliance.”

A recent randomized, open-label trial of patients with
stage 3 CKD and a stable hemoglobin level (>110g/l)
randomized patients to one of four dosing regimens of
subcutaneously administered epoetin o: 10,000 units (U)
once weekly (QW), 20,000 U every 2 weeks (Q2W), 30,000 U
every 3 weeks (Q3W), or 40,000 U every 4 weeks (Q4wW).*?
Compared with QW, patients treated with Q4W regimens
had hemoglobin level that was lower by 8¢/l (a difference
that was not statistically significant), despite using an average
of 513 more units of epoetin o per week. The proportion of
patients with hemoglobin level >110g/l was 93% for QW
and 76% for Q4W at study end. Given this, and the short
length of the study (for example, 16 weeks), there is
insufficient evidence to recommend dosing intervals for
subcutaneous epoetin o of >1 week. The introduction of
ESAs with longer half-lives may allow further extension of the
dosing interval.>*?>

3.4 Packaging of ESAs

ESA products are packaged in unit-dose prefilled syringes and
multi-dose vials. The use of multi-dose vials has been associated
with increased transmission of infection® and may be of
particular concern in the hemodialysis unit. Boven et al.”” have
noted that EPREX prefilled syringes with coated stoppers do not
release leachates and under continued surveillance have not
resulted in an increased incidence of PRCA. The use of prefilled
syringes or multi-dose vials should be based on the clinical
situation and risk of infectious transmission.

3.5 Initial Dosing of ESA

The product monograph for the ESA products should be
reviewed for details on initial and maintenance doses. The
rate of rise of hemoglobin level associated with initial ESA
use depends on the dose of ESA, availability of iron stores,
baseline hemoglobin, and concomitant medical problems.
The rate of rise of hemoglobin level associated with ESA use
has been associated with an increase risk of hypertension and
seizures. The ESA dose should be reduced by 20-30% if
hemoglobin levels increase by >10g/l within a 2-week
period, although this is based exclusively on opinion.

3.6 Monitoring Anemia Therapy
Population: HD-CKD patients on ESA therapy

Clinical Practice Guideline
3.6.1 Monitor hemoglobin
(Grade D).

levels at least monthly

BACKGROUND

Individual patients vary in how quickly they respond to ESA
therapy. During the maintenance phase of ESA use, changes
in clinical status can result in abrupt changes in hemoglobin
levels (for example, due to acute blood loss, or infection or
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other inflammatory events). Given the potential for harm
with either under- or overdosing of ESAs, and under- or
overachievement of hemoglobin targets, it is important to
carefully monitor hemoglobin levels. The recommendation
to monitor on a frequent basis is as follows: the minimal
interval among ESA dose adjustments is 2 weeks; prior
response to therapy is used to project a given patient’s future
responses to dose changes; the accuracy of prediction is likely
to be better if more prior values are known. This argument is
supported indirectly by the observation that it took longer to
achieve stable target hemoglobin levels in a trial that made
monthly measurements and monthly ESA dose adjustments
than in trials where hemoglobin level was measured weekly
and ESA dose was adjusted every 2 weeks. It is important to
note that the duration of action of the ESA being used has
not been associated with less frequent need for dose
adjustments under conditions of uniform monitoring (every
2 weeks). Finally, patients with unstable medical conditions
or whose hemoglobin level is out of target range likely require
more frequent monitoring than those who are stable and
usually close to target.

This guideline is most applicable to patients on hemo-
dialysis. Non-HD CKD patients might be less likely to have
rapidly changing hemoglobin levels if they are clinically
stable. In these individuals with a stable pattern of
hemoglobin level and ESA dose over several months,
measurement of hemoglobin level less frequently than
monthly can be considered.

RESEARCH RECOMMENDATIONS
e Determine the stability of hemoglobin levels
during therapy with extended-action ESAs, especially
at extended dosing intervals.
e Determine the optimal frequency for
hemoglobin levels.

measuring

3.7 Adverse Effects of ESAs used in the Treatment of Anemia
The following adverse events that occur with increased
frequency during ESA therapy need to be considered when
prescribing ESAs, with monitoring as appropriate

e an increase in blood pressure that may require increased
anti-hypertensive therapy;

o hemodialysis access thrombosis (fistulae and grafts), the
incidence of which increases as target hemoglobin levels
are raised;

o increased risk of death following use of ESA and iron in
an effort to achieve a higher hemoglobin target among
HD-CKD patients with symptomatic cardiac disease and
among ND-CKD patients;

e increased risk of stroke following use of ESA and iron in
an effort to achieve a higher hemoglobin target among
HD-CKD patients;

o lower hemodialysis adequacy when higher hemoglobin
targets are sought;

e PRCA;

e Seizures.
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Although this is not an exhaustive list, the intent of this
section is to sensitize practitioners to potential adverse effects
so that they can be identified early, and that the risk
associated with their occurrence can be minimized. The
adverse effects noted have been observed to occur at a higher
rate in randomized comparisons either of ESA vs no ESA or
of higher vs lower dose of ESA. The data on PRCA incidence
are largely derived from spontaneous reports arising from
postmarketing surveillance systems.

Additional potential adverse effects to consider in ND-CKD
patients

In a trial of 88 ND-CKD patients randomized to receive
initial treatment with an ESA to achieve a hemoglobin level
of 130 g/l or to delayed introduction of ESA until hemoglobin
level fell to less than 90 g/], those treated immediately had a
lower rate of development of a composite of doubling serum
creatinine, renal replacement therapy initiation, or death
(P=0.008).>' However, the two much larger recent trials
similarly using ESA therapy to achieve either higher
hemoglobin or intermediate hemoglobin targets in ND-
CKD patients found that aiming for a higher hemoglobin
level was associated with earlier onset of need for renal
replacement therapy only in one study,'' and neither study
noted a significant difference in eGFR by group.'"'* ND-
CKD patients should be monitored closely for the develop-
ment of worsening hypertension associated with the use of
ESAs, because careful management of hypertension is known
to reduce progression to ESRD.

Pure red cell aplasia

Pure red cell aplasia (PRCA) represents a rare adverse effect
of ESA therapy in which, due to a production of neutralizing
antibodies to either endogenous or exogenous forms of
erythropoietin molecules, there is lack of effective erythro-
poietin receptor stimulation. This diminishes the number of
red cell precursors in the marrow and consequently decreases
both colony-forming units and production of mature
reticulocytes, eventually leading to a severe, and ESA-
resistant, anemia. Most cases seem to result from the
development of anti-erythropoietin antibodies. Evaluation
for PRCA should be initiated in any patient receiving an ESA
for more than 4 weeks who develops a sudden, rapid decline
in hemoglobin level (>5g/l/week) or a requirement for
transfusion at >1U red cells per week while also showing
both a normal white cell and platelet count and a low
absolute reticulocyte count <10 x 10°/1. PRCA is a potential
risk with all ESA therapies; following subcutaneous exposure,
it occurs with a general incidence of about 0.5 case per 10,000
patient years’ exposure.’> Cases have not been reported after
intravenous injection only, likely due to the lower immuno-
genicity of this route of administration. An increased
incidence of reported cases of erythropoietin-antibody-
associated PRCA began in 1998 and peaked in 2002. This
was statistically associated with the use of Eprex by the
subcutaneous route in patients with CKD. Subsequent
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investigation suggested that leachates from uncoated rubber
stoppers of prefilled syringes containing these products while
stabilized by polysorbate-80 might have been responsible for
the increased immunogenicity of the compounds. Such
syringes were recalled in 2003. The incidence of reported
PRCA began to decline once warnings were issued and
recommendations made to avoid administration through the
subcutaneous route where possible. The incidence seems to
have returned to prior baseline values.*®*” If PRCA is
confirmed, all ESA therapies should be stopped and
consideration should be given to immunosuppressive therapy
or renal transplantation. Once anti-erythropoietin antibodies
are no longer detectable by sensitive assays, ESA therapy can
be reinstituted if necessary, with caution.>*

Seizures

Seizures have been reported in association with use of ESAs.
In case series reported during the 1980s and 1990s, when
dosages of ESA were higher than is now common, the
seizures were often associated with hypertension and were
more commonly reported within 90 days of starting ESAs, a
time when hemoglobin level was rising. The rate of seizures
associated with ESA use in current practice is not clear but
must be low given the absence of concern during recent
clinical trials.

3.8 Protocol-Based Administration of ESAs and
Intravenous Iron
Brimble et al.*® performed a randomized, controlled, and
nonblinded study of 215 hemodialysis patients, with a
planned follow-up phase of 8 months. The study was
terminated early due to concerns over PRCA and a Health
Canada-mandated switch from subcutaneous to intravenous
ESA therapy. As such, only 157 of the 215 enrolled patients
were followed for more than 5 months. The primary outcome
was the proportion of patients who had an average
hemoglobin level between 110 and 125g/1 for the final 8
weeks of the study period. Patients were randomized to
receive a nursing-led anemia protocol that adjusted the dose
of epoetin o and oral or intravenous iron, or to usual care,
which was primarily physician-led. There was no difference
in the proportion of patients with a hemoglobin level of
110125 between groups (62% in control group, 63.6% in the
intervention group; P=0.8). There was also no difference in
the average iron dose administered per week. At study end,
the epoetin o dose was 12,676 U/week in the control group vs
10,925 U/week in the intervention group (P=0.16). In a
secondary analysis looking at patients followed for >5
months, the epoetin o dose was 2788 U/week lower for the
intervention group at study end (P<0.05), with a 14%
decrease in number of patients above the established upper
target of 125g/l. This study suggests that nurse-driven
protocols may maintain patients at target hemoglobin levels.
Also, several observational studies have measured the impact
of anemia protocols led by either nurses or pharmacists.”*>®
These used either pre-post study designs®®” or contemporary
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parallel (nonrandomized) control groups.”® Two studies
reported a higher proportion of patients achieving target
hemoglobin level with protocol-guided care,”®*® two studies
reported fewer patients with hemoglobin level above target in
the protocol group,”*® and two studies reported lower
mean use of ESA (~15% on average), though this was not
statistically significant in either study.”®’

On the basis of these results, in hemodialysis patients, the
use of nursing-led or pharmacy-led anemia protocols for ESA
therapy and iron can be considered for maintaining
hemoglobin levels within target range. The use of a
nursing-led protocol has not been tested in ND-CKD
or PD-CKD patients, and such patients may be less likely
to have their blood work done on a monthly basis, a
requirement of most existing protocols.

Other issues

With respect to development of an anemia protocol by local
centers, the outcomes obtained will clearly depend on the
hemoglobin level and iron target ranges that are set, the
quality of the algorithms, and their implementation. As such,
it is recommended that an anemia protocol be implemented
alongside a monitoring and continuous quality-improvement
initiative that includes physician review of patients who
are not achieving target hemoglobin levels or in whom
hemoglobin level is rising or falling rapidly. Centers
considering implementing an anemia protocol should
determine whether the protocol can be implemented by
existing staff (for example, hemodialysis nurses). In situa-
tions where additional staff will be required to implement the
protocol, these costs must be weighed against the potential
cost savings in erythropoietin use and the availability
of physicians to review patients’ anemia status on a
monthly basis.

Practical issues for centers with anemia protocols
Two practical issues that have garnered recent attention are
relevant to centers that have established anemia protocols,
and are also germane to centers where physicians or
pharmacists adjust ESA doses outside a protocol. The first
relates to when to adjust ESA doses in relation to deviations
in the hemoglobin level away from the target (110 g/1). The
most practical way to keep the hemoglobin level close to
target (given that the current hemoglobin level and recent
changes in the hemoglobin levels are most predictive of the
next hemoglobin level) might be to reduce (or increase) ESA
when the hemoglobin level rises above 115 g/1 (or falls below
105 g/1), if the hemoglobin level has changed by > 10 g/l over
the previous month. In the absence of a significant (that is,
>10g/l) change in hemoglobin level over the previous
month, then, an adjustment in ESA dose would occur only
when the hemoglobin level falls outside the 100-120 g/ range.
Second, there is uncertainty about whether to withhold
ESAs when the hemoglobin level rises significantly above
the target hemoglobin level range. The Kidney Disease
Outcomes Quality Initiative (KDOQI) Anemia Guidelines
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do not recommend withholding ESA when hemoglobin level
is above the target level. This is based on the physiology of
ESAs and a concern about the hemoglobin level dropping
below target if the ESA is withheld for a prolonged period.
Although this seems very reasonable when the hemoglobin
level has risen slightly above target, it is unclear what the best
course of action would be if the hemoglobin level rises
significantly above target (for example, > 140 g/1). Clinicians
have managed such patients in the past by discarding blood
after dialysis, by withholding ESAs, or by simply reducing the
dose of ESA. The safety of each of these strategies is
unknown, and which to choose is based almost solely on
opinion. If a decision is taken to withhold an ESA given a
significant rise in hemoglobin level, then it would be prudent
to monitor hemoglobin level every 2 weeks, with the ESA
being restarted, at a lower dose, once the hemoglobin level
approaches the upper limit of the acceptable hemoglobin
level range. The decision on when to restart the ESA could be
guided by the rate of fall of the hemoglobin level after
withholding the ESA.

RESEARCH RECOMMENDATION
o Test the performance of different anemia protocols to
determine their impact on the proportion of patients
within target hemoglobin level range, and the average
ESA and iron doses required.

REFERENCES

1. National Kidney Foundation. KDOQI: clinical practice guidelines and
clinical practice recommendations for anemia in chronic kidney disease.
Am J Kidney Dis 2006; 47(Suppl 3): S1-5146.

2. Tonelli M, Winkelmayer WC, Jindal KK et al. The cost-effectiveness
of maintaining higher hemoglobin targets with erythropoietin in
hemodialysis patients. Kidney Int 2003; 64: 295-304.

3. Roth D, Smith RD, Schulman G et al. Effects of recombinant human
erythropoietin on renal function in chronic renal failure predialysis
patients. Am J Kidney Dis 1994; 24: 777-784.

4. Revicki DA, Brown RE, Feeny DH et al. Health-related quality of life
associated with recombinant human erythropoietin therapy for
predialysis chronic renal disease patients. Am J Kidney Dis 1995; 25:
548-554.

5. Canadian Erythropoietin Study Group. Association between recombinant
human erythropoietin and quality of life and exercise capacity of patients
receiving haemodialysis. BMJ 1990; 300: 573-578.

6. Parfrey PS, Foley RN, Wittreich BH et al. Double-blind comparison of full
and partial anemia correction in incident hemodialysis patients without
symptomatic heart disease. J Am Soc Nephrol 2005; 16: 2180-2189.

7. Foley RN, Parfrey PS, Morgan J et al. Effect of hemoglobin levels in
hemodialysis patients with asymptomatic cardiomyopathy. Kidney
Int 2000; 58: 1325-1335.

8. Roger SD, McMahon LP, Clarkson A et al. Effects of early and late
intervention with epoetin alpha on left ventricular mass among patients
with chronic kidney disease (stage 3 or 4): results of a randomized clinical
trial. J Am Soc Nephrol 2004; 15: 148-156.

9. Levin A, Djurdjev O, Thompson C et al. Canadian randomized trial of
hemoglobin maintenance to prevent or delay left ventricular mass
growth in patients with CKD. Am J Kidney Dis 2005; 46: 799-811.

10. Ritz E, Laville M, Bilous RW et al. Target level for hemoglobin
correction in patients with diabetes and CKD: primary results of the
Anemia Correction in Diabetes (ACORD) Study. Am J Kidney Dis 2007; 49:
194-207.

11. Drueke T, Locatelli F, Clyne N et al. Normalization of hemoglobin level in
patients with chronic kidney disease and anemia. N Engl J Med 2006; 355:
2071-2084.

12. Singh A, Szczech L, Tang KL et al. Correction of anemia with epoetin
alpha in chronic kidney disease. N Engl J Med 2006; 355: 2085-2096.

S17



guideline

LM Moist et al.: Evidence-based use of ESAs

20.

21,

22.

23.

24,

S18

Besarab A, Bolton WK, Browne JK et al. The effects of normal as compared
with low hematocrit values in patients with cardiac disease who are
receiving hemodialysis and epoetin. N Engl J Med 1998; 339:

584-590.

Furuland H, Linde T, Ahlmen J et al. A randomized controlled trial of
hemoglobin normalization with epoetin alfa in predialysis and dialysis
patients. Nephrol Dial Transplant 2003; 18: 353-361.

Food and Drug Administration. FDA Advisory Committee Briefing Document
Joint meeting of the Cardiovascular and Renal Drugs Advisory Committee and
the Drug Safety and Risk Management Committee: reassessment of the Risks
of Erythropoiesis-Stimulating Agents (ESAs) administered for the treatment of
anemia associated with chronic renal failure. In: Food and Drug
Administration, Division of Medical Imaging and Hematology Products

and Office of Surveillance and Epidemiology (OSE) (ed.), FDA: Rockville,

MD, 2007.

Phrommintikul A, Haas SJ, Elsik M et al. Mortality and target haemoglobin
concentrations in anaemic patients with chronic kidney disease treated
with erythropoietin: a meta-analysis. Lancet 2007; 369: 381-388.

Albitar S, Meulders Q, Hammoud H et al. Subcutaneous versus
intravenous administration of erythropoietin improves its efficiency for
the treatment of anaemia in haemodialysis patients. Nephrol Dial
Transplant 1995; 10(Suppl 6): 40-43.

Besarab A, Reyes CM, Hornberger J. Meta-analysis of subcutaneous versus
intravenous epoetin in maintenance treatment of anemia in hemodialysis
patients. Am J Kidney Dis 2002; 40: 439-446.

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

Kaufman JS, Reda DJ, Fye CL et al. Subcutaneous compared with
intravenous epoetin in patients receiving hemodialysis. Department of
Veterans Affairs Cooperative Study Group on Erythropoietin in
Hemodialysis Patients. N Engl J Med 1998; 339: 578-583.

Parker KP, Mitch WE, Stivelman JC et al. Safety and efficacy of low-dose
subcutaneous erythropoietin in hemodialysis patients. J Am Soc Nephrol
1997; 8: 288-293.

Stevens ME, Summerfield GP, Hall AA et al. Cost benefits of low dose
subcutaneous erythropoietin in patients with anemia of end stage renal
disease. BMJ 1992; 304: 474-477.

Tomson CR, Feehally J, Walls J. Crossover comparison of intravenous and
subcutaneous erythropoietin in hemodialysis patients. Nephrol Dial
Transplant 1992; 7: 129-132.

Vercaigne LM, Collins DM, Penner SB. Conversion from subcutaneous to
intravenous erythropoietin in a hemodialysis population. J Clin Pharmacol
2005; 45: 895-900.

25.

26.

27.

28.

29.

30.

31.

32

33.

34.

35.

36.

37.

38.

Moist LM, Muirhead N, Wazny LD et al. Erythropoietin dose requirements
when converting from subcutaneous to intravenous administration
among patients on hemodialysis. Ann Pharmacother 2006; 40: 198-203.
Casadevall N, Eckardt KU, Rossert J. Epoetin-induced autoimmune pure
red cell aplasia. J Am Soc Nephrol 2005; 16(Suppl 1): S67-569.

Boven K, Stryker S, Knight J et al. The increased incidence of pure red cell
aplasia with an Eprex formulation in uncoated rubber stopper syringes.
Kidney Int 2005; 67: 2346-2353.

Aarup M, Bryndum J, Dieperink H et al. Clinical implications of converting
stable hemodialysis patients from subcutaneous to intravenous
administration of darbepoetin alfa. Nephrol Dial Transplant 2006;

21: 1312-1316.

Locatelli F, Canaud B, Giacardy F et al. Treatment of anemia in dialysis
patients with unit dosing of darbepoetin alfa at a reduced dose
frequency relative to recombinant human erythropoietin (rHuEpo).
Nephrol Dial Transplant 2003; 18: 362-369.

Vonberg RP, Gastmeier P. Hospital-acquired infections related to
contaminated substances. J Hosp Infect 2007; 65: 15-23.

Gouva C, Nikolopoulos P, loannidis JP et al. Treating anemia early in renal
failure patients slows the decline of renal function: a randomized
controlled trial. Kidney Int 2004; 66: 753-760.

Cournoyer D, Toffelmire EB, Wells GA et al. Anti-erythropoietin antibody-
mediated pure red cell aplasia after treatment with recombinant
erythropoietin products: recommendations for minimization of risk.

J Am Soc Nephrol 2004; 15: 2728-2734.

Provenzano R, Bhaduri S, Singh AK. Extended epoetin alfa dosing as
maintenance treatment for the anemia of chronic kidney disease: the
PROMPT study. Clin Nephrol 2005; 64: 113-123.

Bennett CL, Cournoyer D, Carson KR et al. Long-term outcome of
individuals with pure red cell aplasia and anti-erythropoietin antibodies
in patients treated with recombinant epoetin: a follow-up report from the
Research on Adverse Drug Events and Reports (RADAR) Project. Blood
2005; 106: 3343-3347.

Brimble KS, Rabbat CG, McKenna P et al. Protocolized anemia
management with erythropoietin in hemodialysis patients: a randomized
controlled trial. J Am Soc Nephrol 2003; 14: 2654-2661.

Patterson P, Allon M. Prospective evaluation of an anemia treatment
algorithm in hemodialysis patients. Am J Kidney Dis 1998; 32:

635-641.

To LL, Stoner CP, Stolley SN et al. Effectiveness of a pharmacist-
implemented anemia management protocol in an outpatient
hemodialysis unit. Am J Health Syst Pharm 2001; 58: 2061-2065.
Culleton B, Hemmelgarn B, Hons RB. The impact of a nursing led anemia
protocol on hemoglobin and erythropoietin requirements. Am Soc

of Nephrol Confer 2003 (abstract).

Kidney International (2008) 74 (Suppl 110), S12-S18



	Clinical Practice Guidelines for evidence-based use of erythropoietic-stimulating agents
	3.1 Target Hemoglobin Levels
	Population: all nondialysis-chronic kidney disease patients not receiving erythropoietic-stimulating agent therapy…Clinical Practice Guideline
	Population: all chronic kidney disease patients receiving ESA therapy…Clinical Practice Guideline
	BACKGROUND
	Summary
	Note

	3.2 Route of ESA Administration
	Population: ND-CKD and PD-CKD patients receiving ESAs…Clinical Practice Guideline
	Population: HD-CKD patients receiving ESAs…Clinical Practice Guideline
	BACKGROUND

	3.3 Frequency of ESA Administration
	3.4 Packaging of ESAs
	3.5 Initial Dosing of ESA
	3.6 Monitoring Anemia Therapy
	Population: HD-CKD patients on ESA therapy…Clinical Practice Guideline
	BACKGROUND
	RESEARCH RECOMMENDATIONS

	3.7 Adverse Effects of ESAs used in the Treatment of Anemia
	Additional potential adverse effects to consider in ND-CKD patients
	Pure red cell aplasia
	Seizures

	3.8 Protocol-Based Administration of ESAs and Intravenous Iron
	Other issues
	Practical issues for centers with anemia protocols
	RESEARCH RECOMMENDATION

	REFERENCES


