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1.1 Evaluation of Anemia
Population: all chronic kidney disease patients who have not
been exposed to an erythropoietic-stimulating agent

Clinical Practice Guidelines
1.1.1 Diagnose anemia and initiate evaluation for its
cause(s) based on a hemoglobin level of (Grade D):
e <135¢g/l in males >18 years of age
e <120¢g/l in females > 18 years of age
1.1.2 Check hemoglobin level at least annually, irrespective
of underlying disease (Grade D).
1.1.3 The minimum evaluation for anemia is the following
(Grade D):
e hemoglobin level,
e white blood count and differential,
e platelet count, and
e red blood cell indices
o mean corpuscular volume (MCV)
absolute reticulocyte count
e iron studies
o serum ferritin
o transferrin saturation

Population: hemodialysis-chronic kidney disease patients

Clinical Practice Guideline
1.1.4 Use predialysis hemoglobin levels to assess anemia,
preferably the midweek dialysis session (Grade D).

BACKGROUND
Diagnosis of anemia

As in the Kidney Disease Outcomes Quality Initiative
(KDOQI) 2006 guidelines,' the hemoglobin levels used to
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define a chronic kidney disease (CKD) patient as anemic are
based on gender-specific values under the 5th percentile for
an age of more than 18 years. The data are taken from the
third National Health and Nutrition Examination Survey
(NHANES III) data set of the US population, 1988-1994;>
adjustment was made in the female data set to account for
iron deficiency in premenopausal women.

For a variety of reasons,' the definitions of anemia
supplied above may not be applicable in patients with any of
the following characteristics:

e pregnancy or menstruating women,
o living at high altitude,
smoking,
age >70 years in men,
non-Caucasian race,
chronic lung disease, and
hemoglobinopathy.

Frequency of hemoglobin measurement

The recommendation for regular hemoglobin level assess-
ment in CKD patients is based on the prevalence of anemia
and associated comorbidities in this population. The
prevalence of anemia in the general population increases in
both males and females as kidney function declines.”” The
prevalence of anemia also depends on the hemoglobin level
chosen to define anemia.’

Several community-based and referral-based observational
studies of CKD populations have shown that anemia is
associated with unexpectedly high rates of death and
development of end-stage renal disease.®® Keeping this in
mind, and acknowledging that unrecognized anemia cannot
be investigated or treated, nor can associated comorbidities
be effectively managed, it is recommended to screen CKD
patients yearly, at minimum, for the presence of anemia.

More frequent monitoring may be indicated in patients
with diabetes, as compared with the nondiabetic population,
because they have a higher prevalence of anemia irrespective
of the level of kidney function,'' develop anemia at earlier
stages of CKD,'" and have a higher prevalence of comorbid
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conditions associated with anemia. For instance, patients
with diabetes and anemia have a more rapid decline in
estimated glomerular filtration rate'? and, in those with stage
3-5 CKD, have an increased risk of a cardiovascular disease
compared with patients with diabetes without anemia.'

More frequent monitoring may also be indicated in
patients at more advanced stages of CKD. However, it should
be noted that in a recent randomized control trial looking at
the effects of early treatment of anemia on left ventricular
hypertrophy in nondialysis stage 3-5 CKD patients, hemo-
globin declined minimally over the course of 2 years in the
control group patients, who did not receive erythropoietin.
As such, even in this group of patients with advanced CKD,
yearly monitoring may be sufficient.'*

Minimum evaluation of anemia in CKD patients

The presence of anemia in a patient with CKD does not
necessarily imply that CKD, with resultant erythropoietin
deficiency, has caused the anemia. Patients with CKD may
have a variety of underlying conditions unrelated to their
kidney disease, conditions that contribute to the anemia. The
anemia of CKD is most often normochromic and normo-
cytic, and hence indistinguishable from anemia associated
with other chronic conditions.

Hemoglobin is preferred to hematocrit as a measure of
anemia because the test for hemoglobin is more reproducible
across laboratories, with lower within-assessment and
between-assessment coefficients of variation compared with
that for hematocrit.!> Unlike hematocrit, hemoglobin is not
affected by storage time of samples'® or other patient-specific
variables such as serum glucose.'”'®

A complete blood count (white blood cells, hemoglobin,
and platelets) assesses bone marrow function. Abnormalities
in two or more of these cell lines should be evaluated
carefully and likely warrant discussion with a hematologist.

Low mean corpuscular volume usually suggests deficien-
cies of iron, folic acid, and vitamin B,,, or inherited disorders
of hemoglobin synthesis.

Reticulocyte numbers, whether using an absolute
count, or a count adjusted for the degree of anemia
(reticulocyte index), serve to evaluate the appropriateness of
the bone marrow response to anemia. Although a low
reticulocyte count may represent absent or unavailable iron
for erythropoiesis or a defect in red cell production, the most
common reason for inadequate reticulocyte response in the
CKD patient replete with iron, folate, and vitamin B, is
likely to be either insufficient erythropoietin production or
inflammation.

Evaluation of iron sufficiency

Iron status is an important part of the initial evaluation of
anemia in patients with CKD, because iron deficiency, either
absolute or functional, is a common contributor to the
anemia in CKD. In patients with nondialysis CKD who are
not on an erythropoietic-stimulating agent and who do not
have significant menstrual losses or other known losses of
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iron, the finding of iron deficiency should lead to careful
assessment for gastrointestinal bleeding.

Iron status is assessed with serum ferritin (a surrogate
marker for tissue iron stores), transferrin saturation (repre-
sentative of iron which is available to the bone marrow for
erythropoiesis), and consideration of the mean corpuscular
volume (a late marker of iron deficiency)."' No other marker
is currently available to substitute for serum ferritin in terms
of assessing tissue iron stores; however, numerous tests, in
addition to the transferrin saturation test, are available to
assist in the evaluation of adequacy of iron for erythropoiesis.
Two of these, percent hypochromic red blood cells (PHRBC)
and content of hemoglobin in red blood cells (CHr), have
been investigated in the CKD population and, in the case of
CHr, appear to have sensitivities and specificities greater than
or equal to those of serum ferritin and transferrin saturation in
identifying functional iron deficiency.'**® Head-to-head com-
parisons remain difficult to interpret, however, because
published studies use different values to define anemia.*"*
Also, owing to a need for specialized and expensive equipment,
the PHRBC and CHr tests are not widely available. Moreover,
the PHRBC is time-sensitive and is less useful if samples are
shipped to a central lab, and normative values of PHRBC and
CHr at each stage of CKD remain ill defined.

In nondialysis CKD patients, ferritin levels <25ng/ml in
males and <1Ilng/ml in females seem to be reasonable
predictors of insufficient iron stores for effective erythro-
poiesis, as evidenced by a drop in hemoglobin levels below
gender-specific population reference values.* In the hemodialysis-
chronic kidney disease population, interpretation of ferritin levels
in isolation is difficult, because ferritin also plays a role as an
acute-phase reactant and is often elevated irrespective of tissue
iron stores. On occasion, it may be useful to assess the patient’s
subjective global assessment or even measure C-reactive protein
to assess the contribution of inflammation to an elevated serum
ferritin level in this population.”

Transferrin saturation may be a more reliable marker of
iron sufficiency for erythropoiesis in the CKD patient, as
compared with ferritin, as it is less affected by inflammation.
Moreover, transferrin saturation appears to correlate well
with hemoglobin levels that have been normalized in relation
to gender-specific population hemoglobin reference values.*

Timing of hemoglobin measurements

The recommendation to evaluate anemia in hemodialysis-
chronic kidney disease patients using predialysis hemoglobin
levels is based on two considerations. First, postdialysis
hemoglobin levels vary depending on the amount of fluid
removed during a hemodialysis session, with an average increase
in hemoglobin of 3-4 g for every liter of volume ultrafiltered.***
Second, there is no evidence providing associations between
postdialysis hemoglobin levels and clinical outcomes.

It is also preferable to measure these levels before the
midweek dialysis session, because hemoglobin levels vary
significantly when comparing predialysis values obtained
during the 2-day interval, as compared with the 3-day

S5



guideline

CT White et al.: Evaluation of anemia

interval, in

the standard thrice-weekly hemodialysis

regimen.”* The exact timing of hemoglobin testing may be
of less importance in most other non-hemodialysis-chronic
kidney disease patients, in that fluctuations in extracellular
volume for the latter are typically less marked.

RESEARCH RECOMMENDATION
e Determine the most effective anemia surveillance methods

for CKD patients.

e Determine the most cost-effective set of screening tests

prior to initiation of ESA therapy.

o Evaluate the utility of, and determine better cut-off values

for the newer iron status tests, that is, PHRBC and CHr,
as markers of iron sufficiency in the anemic CKD patient.

o Develop a simple, reliable test of iron stores.
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