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Abstract

Effective treatment of anemia in end-stage renal disease
(ESRD) results in reduced fatigue and improved quality of
life. The National Kidney Foundation’s 2006 anemia treat-
ment guidelines recommend maintaining hemoglobin (Hb)
at >11 g/dl, while noting that there is insufficient evidence
toroutinely maintain Hb levels =13.0 g/dl. Successin achiev-
ing Hb levels within these targets requires careful monitor-
ing and adjustments to treatment. In addition, causes for
diminished response and refractory anemia must be ade-
quately evaluated. In this article, factors important for
achieving Hb 11-13 g/dl in patients with ESRD are re-
viewed. Copyright © 2007 S. Karger AG, Basel

Effective treatment of anemia is a vitally important
aspect of caring for patients with end-stage renal disease
(ESRD) on hemodialysis or peritoneal dialysis (PD). Ane-
mia causes reduced carriage of oxygen to the body’s tis-
sues and organs, resulting in symptoms such as fatigue
and dyspnea. If untreated, then quality of life is degraded,
with restriction of activities and life experience. Since the

widespread availability of recombinant human erythro-
poietin in 1989, the lives of hundreds of thousands of
ESRD patients have been improved.

The National Kidney Foundation’s (NKF) anemia
treatment guidelines, updated in 2006, include an evi-
dence-based guideline recommending that the hemo-
globin (Hb) level be >11 g/dl [1]. The level selected re-
flects the balancing of expected benefit and risk, with
benefit defined as improved quality of life. Other poten-
tial positive outcomes of treatment, such as reduced
mortality risk, have not been demonstrated by random-
ized controlled trials. A total of 22 published random-
ized controlled trials were used to determine the target
Hb level [1]. The workgroup determined that quality of
life improved in an apparently continuous fashion in the
range of Hb levels (8-16 g/dl) tested in different studies
[2-9].

The NKF guidelines also include the statement, ‘In the
opinion of the Work Group, there is insufficient evidence
to recommend routinely maintaining Hb levels =13.0 g/
dl in ESA-treated patients’ [1]. This clinical practice rec-
ommendation is based on the finding of possible safety
concerns at this and higher levels of Hb. A well-powered
study in hemodialysis patients that compared hematocrit
targets of 30 £ 3 and 42 * 3% (Hb levels of approxi-
mately 10 and 14 g/dl) was stopped prematurely with a
nearly statistically significant increased risk for death in
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the higher hematocrit group [2]. In another study, pa-
tients assigned to a Hb target 13.5-14.5 g/dl had an in-
creased incidence of cerebrovascular adverse events [3].
While the results of these studies are not conclusive, the
workgroup determined that routine treatment to targets
above 13 g/dl could not be recommended. Therefore, the
NKF guidelines essentially establish a Hb target range of
11-13 g/dl for patients with ESRD. In the remainder of
this article issues will be explored related to achieving Hb
levels within this range for individual patients. Success in
maintaining a high proportion of patients within the tar-
get range is a suitable quality goal for a dialysis unit, net-
work or other aggregated group of units. Issues related to
such population-based management, and the related per-
formance improvement techniques will also be dis-
cussed.

The primary driver of an achieved Hb level is the ef-
fective use of recombinant human erythropoietin (from
this point forward the broader term erythropoiesis-stim-
ulating agent (ESA) will be used). Both administration of
ESAs and the monitoring of Hb levels are episodic, finite
events. This differs from the natural state where oxygen
delivery to tissues is constantly sensed, and erythropoi-
etin production is continuous and adjusted as needed to
prevent tissue hypoxia [10]. The episodic nature of ESA
treatment makes it difficult to maintain a stable Hb level
[11]. This was particularly true with the NKF’s previous
narrower target range of 11-12 g/dl. Lacson et al. [12]
found that only 38.4% of hemodialysis patients actually
had Hb in the 11-12 g/dl range at a given time. It can be
seen that this Hb instability occurs as a result of anemia
treatment practices, episodic ESA administration and the
narrow target range. When the Hb level rises above target,
dialysis unit protocols drive a mechanical reduction or
holding of ESA dose that initiates a downwards trajectory
of Hb. As the Hblevel falls through the 11-12 target range,
protocols generally do not call for ESA dose adjustment.
It is not until Hb declines to <11 g/dl that most protocols
will drive an increased dose of ESA resulting in a change
in Hb trajectory. The narrow target range encourages fre-
quent dose changes, and a recurrent cycling of the Hb
level [13]. It is hoped that the NKF’s 2006 broader target
range of 11-13 g/dl will lead to more stable Hb levels.

Ideally, ESA management should be individualized
and matched to the specific patient’s response character-
istics and Hb trend. There is great variability in response
to ESAs, some patients respond to dose changes with rap-
id and robust changes in Hb, others with a gradual, stut-
tering response. It is clearly a flawed concept that a one-
size-fits-all dose-adjustment protocol could possibly re-
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sult in consistent Hb responses. Nonetheless, in the
service of convenience, almost all ESA dose-adjustment
protocols lack individualization. Moreover, protocols
have no capacity for recognition of trends. Therefore,
treatment based on protocols fails to make necessary
dose adjustments when Hb is rising or falling through the
target range. The ability to recognize trends, to associate
them with clinical events that may be driving them, and
to determine the appropriate adjustment to ESA dosing
requires the input of a clinician. However, anemia treat-
ment and monitoring that relies on the availability of cli-
nicians may suffer from inattention and delayed treat-
ment changes. While protocols are inflexible, and fail to
account for patient response characteristics and trends in
Hb, their convenience and facility for use by nurses makes
them a necessary tool. To the greatest degree possible,
however, nephrologists should use their clinical judg-
ment to supplement and occasionally override docu-
mented ESA dose adjustments. The ultimate solution to
match patient ESA responsiveness, trends in Hb and en-
sure timely treatment decisions may come from sophisti-
cated computerized dose adjustment software.

Iron treatment is an important component of achiev-
ing target Hb levels. Iron deficiency commonly reduces
the efficiency of ESA treatment in hemodialysis patients
[14]. The NKF 2006 guidelines recommend maintaining
serum ferritin above 100 ng/ml for PD patients and
200 ng/ml for patients on hemodialysis. For transferrin
saturation, the recommendation is to maintain a level
above 20% for all patients with ESRD. Generally, patients
on hemodialysis will require treatment with intravenous
iron to achieve these target levels. Oral iron has been
demonstrated to lack efficacy when used in this patient
population [15-17].

There are two widely used, but quite different ap-
proaches to intravenous iron treatment in hemodialysis
patients. One is to test iron status periodically (usually
every 3 months) and to treat with a brief course of intra-
venous iron if iron test results are below target [18]. The
second approach is to anticipate the development of iron
deficiency by treating with a regular weekly dose of iron
[19,20]. Itis unclear whether either of these two strategies
results in superior efficacy as published studies have not
tully addressed this issue. However, if a patient requires
more than one course of treatment per year with the in-
termittent approach, then it would be sensible to convert
to a weekly dose schedule. Typically 25-62.5 mg/week of
iron sucrose or sodium ferric gluconate is effective [1].

For PD, there is far less published literature related to
iron management. In contrast to patients on hemodialy-
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sis, these individuals experience far less blood loss, and
probably have a lower incidence of iron deficiency. Be-
cause there have been few published studies of iron man-
agement in PD [21, 22], the implications of iron deficien-
cy and the optimal approach to treatment are unclear.
Since it is likely that iron deficiency impairs response to
ESA treatment in these patients, iron supplementation
should be provided to maintain target levels of serum fer-
ritin and transferrin saturation. Oral iron, administered
between meals can be given with a daily dose of 200 mg
of elemental iron. Intravenous iron is convenient in he-
modialysis, since patients have intravenous access estab-
lished thrice weekly. In PD, administration of intrave-
nous iron is clearly inconvenient, and treatment should
be reserved for patients who are refractory to oral iron.

Effective supplementation with iron will help to main-
tain Hb>11 g/dl. However, with reference to maintaining
Hb within the 11-13 g/dl target range, it is important to
consider the interplay of iron and ESA treatment. Supple-
mentation with iron to an iron-deficient patient will re-
sult in more effective erythropoiesis and increased Hb
levels. As Hb rises, iron is transferred from storage tissues
to the enlarging erythron. Often, despite recent intrave-
nous iron treatment, this transfer of iron out of storage
tissues will result in the redevelopment of iron deficiency
[18]. Since Hb has risen, the redevelopment of iron defi-
ciency may occur in parallel with a reduction in ESA
dose. Together, the reduced ESA dose and the redevelop-
ment of iron deficiency can cause a late decrease in Hb
after intravenous iron treatment. Failure to appreciate the
intertwined effects of iron and ESA treatment can induce
secondary cycling of Hb levels [13]. The simplest solution
is to monitor iron status more frequently after a course of
intravenous iron. Once monthly testing would be opti-
mal, and should be continued for 3 months after treat-
ment.

Another key factor that interferes with the ability to
achieve stable Hb levels within the 11-13 g/dl target range
is the effect of intercurrent illness and hospitalization.
The level of Hb may decrease prior to hospitalization and
remain depressed for several weeks to months afterwards
[23]. Since the response to ESAs may be diminished dur-
ing the acute illness, blood transfusion should be consid-
ered if severe anemia is present. After hospital discharge
particular attention should be given to anemia manage-
ment. The dose of ESA should be increased to a level that
will ensure optimal erythropoiesis. Iron status should be
checked to assess the effect of hospitalization on iron
stores. Frequent blood sampling in the hospital as well as
surgical blood loss may contribute to induce severe iron
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deficiency. Adequate treatment with iron after hospital-
ization will help to stabilize recovery of anemia. However,
if infection is still present then intravenous iron treat-
ment should probably be deferred until after hospitaliza-
tion.

One type of intercurrent illness, occult infection of
old, nonfunctioning arteriovenous grafts, merits partic-
ular discussion. Ayus and Sheikh-Hamad [24] have found
that such infections are common and may be difficult to
diagnose clinically. Nassar et al. [25] found that these in-
fections have a substantial effect of blunting the effective-
ness of ESA treatment. Importantly, removal of the in-
fected graft may result in significantly improved Hb lev-
els [25]. The difficulty of these infections is illustrated by
a recent patient treated by our research program. The re-
sponse to the ESA, CERA, declined for 2 months in par-
allel to a profound increase in the C-reactive protein lev-
el. The level of Hb during this period declined from 11.9
to 9.2 g/dl. Concern for the possibility of infection led to
careful physical examination, which revealed no source.
Ultimately the patient was found to have an occult graft
infection. It is useful to note that elevated C-reactive pro-
tein levels may be a harbinger of inflammation and occult
infection in patients on dialysis [26].

When a patient has Hb that is persistently <11 g/d],
despite an adequate dose of ESA, causes for anemia other
than erythropoietin deficiency should be considered.
The evaluation should begin with history and physical
examination, and review of red cell indices, haptoglobin,
vitamin B;, and folic acid levels. Careful evaluation for
occult infection or other causes of persistent inflamma-
tion should be conducted. Fecal occult blood testing
should be performed to exclude the possibility of gastro-
intestinal blood loss. If clinical evaluation does not reveal
the cause of refractory anemia then bone marrow exam-
ination should be considered.

Maintenance of Hb within the target range involves
not only achieving Hb >11 g/dl, but avoiding excessive
periods of time with Hb >13 g/dl as well. As discussed
above, this is based on studies that have indicated the pos-
sibility of harm with intention to treat to higher levels of
Hb [2, 3]. Our understanding of the potential harm of
higher levels of Hb is rudimentary and inconclusive at
present. Further analysis and research are necessary to
better understand the scope of the relationship and the
underlying biology. At present, the NKF recommenda-
tion that there is insufficient evidence to recommend
routinely maintaining Hb levels =13.0 g/dl seems to be
appropriate.
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One important aspect of the upper Hb target that has
been insufficiently explored is the relationship of volume
flux to Hb. Since Hb is measured before dialysis in hemo-
dialysis patients, the level is at least partially diluted and
artifactually lower than it would be in the euvolemic
state. In some patients this effect may be particularly im-
portant. For a patient who gains 5 kg of fluid weight be-
tween dialysis treatments, the Hb level is a very poor es-
timate of actual red cell mass. If this hypothetical patient
started dialysis with a Hb of 13 g/dl, at the end of dialysis
the Hb level could be greater than 16 g/dl. At such high
Hb levels blood viscosity is significantly increased, and
vascular injury, thrombosis and access clotting are pos-
sible. It would seem prudent, with such wide variation in
weight gains with dialysis treatment, that the Hb target
should be individualized.

On a population basis, maintenance of a successful
anemia treatment program hinges on the appropriate and
thoughtful use of data. Mean Hb, ESA dose, and iron pa-
rameters should be reviewed on a regular basis. In addi-
tion to mean values, it is also valuable to track the per-
centage of patients with Hb <10, <11, 11-13 and >13 g/dl.
Trends over time should be reviewed. In this regard it is
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