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Anemia of chronic kidney disease:
Treat it, but not too aggressively

ABSTRACT

Anemia of renal disease is common and is associated
with significant morbidity and death. It is mainly caused
by a decrease in erythropoietin production in the kidneys
and can be partially corrected with erythropoiesis-stim-
ulating agents (ESAs). However, randomized controlled
trials have shown that using ESAs to target normal
hemoglobin levels can be harmful, and have called into
question any benefits of ESA treatment other than avoid-
ance of transfusions.

KEY POINTS

Before treating with ESAs, it is necessary to investigate
and rule out underlying treatable conditions such as iron
or vitamin deficiencies.

Recognizing anemia in chronic kidney disease is impor-
tant and often involves participation by the primary care
physician, especially in early disease when chronic kidney
disease may be mild.

The only proven benefit of ESA therapy is avoidance of
blood transfusions.

ESAs should not be used to increase the hemoglobin con-
centration above 13 g/dL. In end-stage renal disease, the
goal of therapy is to maintain levels at a target no higher
than 11.5 g/dL. In nondialysis-dependent chronic kidney
disease, the decision to prescribe ESA therapy should be
individualized.
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A nemia is a frequent complication of
chronic kidney disease, occurring in over
90% of patients receiving renal replacement
therapy. It is associated with significant mor-
bidity and mortality. While its pathogenesis is
typically multifactorial, the predominant cause
is failure of the kidneys to produce enough
endogenous erythropoietin. The clinical ap-
proval of recombinant human erythropoietin
in 1989 dramatically changed the treatment of
anemia of chronic kidney disease, but random-
ized controlled trials yielded disappointing re-
sults when erythropoiesis-stimulating agents
(ESAs) were used to raise hemoglobin to nor-
mal levels.

This article reviews the epidemiology and
pathophysiology of anemia of chronic kidney
disease and discusses the complicated and con-
flicting evidence regarding its treatment.

I DEFINITION AND PREVALENCE

Anemia is defined as a hemoglobin concentra-
tion less than 13.0 g/dL for men and less than
12.0 g/dL for premenopausal women.! It is
more common in patients with impaired kid-
ney function, especially when the glomerular
filtration rate (GFR) falls below 60 mL/min. It
is rare at GFRs higher than 80 mL/min,? but as
the GFR falls, the severity of the anemia wors-
ens’ and its prevalence increases: almost 90%
of patients with a GFR less than 30 mL/min
are anemic.*

I RENAL ANEMIA IS ASSOCIATED
WITH BAD OUTCOMES

Anemia in chronic kidney disease is indepen-
dently associated with risk of death. It is also
an all-cause mortality multiplier, ie, it magni-
fies the risk of death from other disease states.’
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In observational studies, anemia was asso-
ciated with faster progression of left ventricu-
lar hypertrophy, inflammation, and increased
myocardial and peripheral oxygen demand,
thereby leading to worse cardiac outcomes
with increased risk of myocardial infarction,
coronary revascularization, and readmission
for heart failure.*®* Anemia is also associated
with fatigue, depression, reduced exercise tol-
erance, stroke, and increased risk of rehospi-
talization.”?

I RENAL ANEMIA IS MULTIFACTORIAL

Anemia of chronic kidney disease is typically
attributed to the decrease of erythropoietin
production that accompanies the fall in GFR.
However, the process is multifactorial, with
several other contributing factors: absolute
and functional iron deficiency, folate and vi-
tamin B, deficiencies, reduced red blood cell
life span, and suppression of erythropoiesis by
the uremic milieu.'*

While it was once thought that chronic
kidney disease leads to loss of erythropoietin-
producing cells, it is now known that down-
regulation of hypoxia-inducible factor (HIF;
a transcription factor) is at least partially re-
sponsible for the decrease in erythropoietin
production'®!® and that this downregulation is
reversible (see below).

I ERYTHROPOIETIN, IRON,
AND RED BLOOD CELLS

Erythropoietin production
is triggered by hypoxia, mediated by HIF
Erythropoietin is produced primarily in the
deep cortex and outer medulla of the kidneys
by a special population of peritubular intersti-
tial cells.!” The parenchymal cells of the liver
also produce erythropoietin, but much less.!

The rate of renal erythropoietin synthe-
sis is determined by tissue oxygenation rather
than by renal blood flow; production increas-
es as the hemoglobin concentration drops
and the arterial oxygen tension decreases
(Figure 1).Y

The gene for erythropoietin is located on
chromosome 7 and is regulated by HIE HIF
molecules are composed of an alpha subunit,
which is unstable at high Po,, and a beta sub-
unit, constitutively present in the nucleus.?®
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In hypoxic conditions, the HIF dimer is
transcriptionally active and binds to specific
DNA recognition sequences called hypoxia-
response elements. Gene transcription is up-
regulated, leading to increased production of
erythropoietin.?!

Under normal oxygen tension, on the oth-
er hand, the proline residue of the HIF alpha
subunit is hydroxylated. The hydroxylated
HIF alpha subunit is then degraded by pro-
teasomal ubiquitylation, which is mediated by
the von Hippel-Lindau tumor-suppressor gene
pVHL.?? Degradation of HIF alpha prevents
formation of the HIF heterodimers. HIF there-
fore cannot bind to the hypoxia-response ele-
ments, and erythropoietin gene transcription
does not occur.

Thus, in states of hypoxia, erythropoietin
production is upregulated, whereas with nor-
mal oxygen tension, production is downregu-

lated.

Erythropoietin is essential

for terminal maturation of erythrocytes
Erythropoietin is essential for terminal matu-
ration of erythrocytes.? It is thought to stimu-
late the growth of erythrogenic progenitors:
burst-forming units-erythroid (BFU-E) and
colony-forming units-erythroid (CFU-E). In
the absence of erythropoietin, BFU-E and
CFU-E fail to differentiate into mature eryth-
rocytes.?

Binding of erythropoietin to its receptor
sets off a series of downstream signals, the
most important being the signal transducer
and activator of transcription 5 (STATS5). In
animal studies, STAT5 was found to inhibit
apoptosis through the early induction of an
antiapoptotic gene, Bcl-xL.?

Iron metabolism is controlled

by several proteins

[ron is characterized by its capacity to accept or
donate electrons. This unique property makes
it a crucial element in many biochemical reac-
tions such as enzymatic activity, DNA synthe-
sis, oxygen transport, and cell respiration.

[ron metabolism is under the control of
several proteins that play different roles in its
absorption, recycling, and loss (Figure 2).77

Dietary iron exists primarily in its poorly
soluble trivalent ferric form (Fe’*), and it
needs to be reduced to its soluble divalent fer-
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Erythropoietin (EPO) promotes production of mature red
blood cells in the bone marrow. More red blood cells in the
circulation leads to increased oxygenation and lower levels
of hypoxia-inducible factor, suppressing EPO production.

Erythropoiesis: A homeostatic system

EPO

Hypoxia

Erythropoiesis

Increased O2

Hypoxia-inducible factor is
degraded under conditions of normal
oxygen tension. But in anemia or hy-
poxia, it promotes gene transcription
of erythropoietin (EPO), necessary for
maturation of red blood cells.

Iron is necessary as well for red
blood cell production. Its absorp-
tion and transport are also pro-

Red blood cells  moted by hypoxia-inducible factor

FIGURE 1.

rous form (Fe?*) by ferric reductase to be ab-
sorbed. Ferrous iron is taken up at the apical
side of enterocytes by a divalent metal trans-
porter (DMT1) and is transported across the
brush border.?

To enter the circulation, iron has to be
transported across the basolateral membrane
by a transporter called ferroportin.?”’ Ferropor-
tin is also found in placental syncitiotropho-
blasts, where it transfers iron from mother to
fetus, and in macrophages, where it allows re-
cycling of iron scavenged from damaged cells
back into the circulation.’*® Upon its release,
the ferrous iron is oxidized to the ferric form
and loaded onto transferrin. This oxidation
process involves hephaestin, a homologue of
the ferroxidase ceruloplasmin.’!

In the plasma, iron is bound to transferrin,
and under normal circumstances one-third
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(see Figure 2).

Medical Illustrator: Beth Halasz

of transferrin is saturated with iron.*? Trans-
ferrin receptors are present on most cells but
are most dense on erythroid precursors. Each
transferrin receptor can bind two transferrin
molecules. After binding to transferrin, the
transferrin receptor is endocytosed, and the
iron is released into acidified vacuoles. The
transferrin-receptor complex is then recycled
to the surface.”

Ferritin is the cellular storage protein for
iron, and it can store up to 4,500 atoms of iron
within its spherical cavity.** The serum level
of ferritin reflects overall storage, with 1 ng/
mL of ferritin indicating 10 mg of total iron
stores.”® Ferritin is also an acute-phase reac-
tant, and plasma levels can increase in inflam-
matory states such as infection or malignancy.
As such, elevated ferritin does not necessarily
indicate elevated iron stores.
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Iron: From gut to hemoglobin
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FIGURE 2. Iron absorption and metabolism is controlled by several proteins.

DMT1 = divalent metal transporter 1; FPN = ferroportin; Hgb = hemoglobin; TF = transferrin, TFR = transferrin receptor

Iron is lost in sweat, shed skin cells, and
sloughed intestinal mucosal cells. However,
there is no specific mechanism of iron ex-
cretion from the human body. Thus, iron is
mainly regulated at the level of intestinal ab-
sorption. The iron exporter ferroportin is up-
regulated by the amount of available iron and
is degraded by hepcidin.*

Hepcidin is a small cysteine-rich cationic
peptide that is primarily produced in the liver,
with some minor production also occurring in
the kidneys.*” Transcription of the gene encod-
ing hepcidin is downregulated by anemia and
hypoxia and upregulated by inflammation and
elevated iron levels.”® Transcription of hepci-
din leads to degradation of ferroportin and a
decrease in intestinal iron absorption. On the
other hand, anemia and hypoxia inhibit hep-
cidin transcription, which allows ferroportin
to facilitate intestinal iron absorption.

VOLUME 83 e« NUMBER 8

I TREATMENT OF RENAL ANEMIA

Early enthusiasm for erythropoietin agents
Androgens started to be used to treat anemia
of end-stage renal disease in 1970,** and be-
fore the advent of recombinant human eryth-
ropoietin, they were a mainstay of nontransfu-
sional therapy for anemic patients on dialysis.
The approval of recombinant human
erythropoietin in 1989 drastically shifted the
treatment of renal anemia. While the initial
goal of treating anemia of chronic kidney dis-
ease with erythropoietin was to prevent blood
transfusions,*! subsequent studies showed that
the benefits might be far greater. Indeed, an
initial observational trial showed that eryth-
ropoiesis-stimulating agents (ESAs) were as-
sociated with improved quality of life,* im-
proved neurocognitive function,* and even
cost savings. The benefits also extended
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Four randomized controlled trials of hemoglobin-raising
in chronic kidney disease

NHCT? CHOIR® CREATE> TREAT®
Population Patients with Chronic kidney Chronic kidney Chronic kidney
chronic heart fail-  disease disease disease with
ure and end-stage diabetes
renal disease on
dialysis
Hemoglobin 10 vs 14 g/dL 135vs11.3g/dL > 13vs 11 g/dL > 13 vs 9 g/dL
target
Target achieved? No No Yes No
Primary Time to deathor ~ Composite of Time to first cardio-  Composite
outcomes first myocardial death, myocardial ~ vascular event of death or a
infarction infarction, hospital- cardiovascular
ization for chronic event and death
heart failure, stroke or end-stage renal
disease
Risks with Trend toward Increased risk of Trend toward risk No risk increase or
higher increased risk of primary outcome increase that was reduction

hemoglobin level

primary outcome

nonsignificant: no

resulted in early
study interruption

Other results Higher rate of
thrombosis in

high-target group

benefits

Higher rate of
stroke

Improved quality
of life

NHCT = Normal Hematocrit Study,*> CHOIR = Correction of Hemoglobin and Outcomes in Renal Insufficiency trial,>* CREATE = Cardio-
vascular Risk Reduction by Early Anemia Treatment trial,> TREAT = Trial to Reduce Cardiovascular Events With Aranesp Therapy®®

to major outcomes such as regression of left
ventricular hypertrophy,* improvement in
New York Heart Association class and cardiac
function,*’ fewer hospitalizations,® and even
reduction of cardiovascular mortality rates.*
As a result, ESA use gained popularity, and
by 2006 an estimated 90% of dialysis patients
were receiving these agents.’”® The target and
achieved hemoglobin levels also increased,
with mean hemoglobin levels in hemodialysis
patients being raised from 9.7 to 12 g/dL.’!

Disappointing results in clinical trials

of ESAs to normalize hemoglobin

To prospectively study the effects of normal-
ized hemoglobin targets, four randomized con-
trolled trials were conducted (Table 1):

e The Normal Hematocrit Study (NHCT)?

CLEVELAND CLINIC JOURNAL OF MEDICINE

e The Correction of Hemoglobin and Out-
comes in Renal Insufficiency (CHOIR)
trial”

e The Cardiovascular Risk Reduction by
Early Anemia Treatment (CREATE) trial®*

® The Trial to Reduce Cardiovascular Events

With Aranesp Therapy (TREAT).>

These trials randomized patients to either
higher “normal-range” hemoglobin targets or
to lower target hemoglobin levels.

Their findings were disappointing and
raised several red flags about excessive use of
ESAs. The trials found no benefit in higher
hemoglobin targets, and in fact, some of them
demonstrated harm in patients randomized to
higher targets. Notably, higher hemoglobin tar-
gets were associated with significant side effects
such as access-site thrombosis,” strokes,”” and
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possibly cardiovascular events.’** Only the
CREATE trial was able to demonstrate a quali-
ty-of-life benefit for the high-target group.**

[t remains unclear whether these adverse
events were from the therapy itself or from
an increased morbidity burden in the treated
patients. Erythropoietin use is associated with
hypertension,” thought to be related to endo-
thelin-mediated vasoconstriction.’” In our ex-
perience, this is most evident when hemoglo-
bin levels are normalized with ESA therapy.
Cycling of erythropoietin levels between ex-
treme levels can lead to vascular remodeling,
which may also be related to its cardiovascular
effects.’”

A noticeable finding in several of these
trials was that patients failed to achieve the
higher hemoglobin target despite the use of
very high doses of ESA. Reanalysis of data
from the CHOIR and CREATE trials showed
that the patients who had worse outcomes
were more likely to have required very high
doses without achieving their target hemo-
globin.’®* Indeed, patients who achieved the
higher target hemoglobin levels, usually at
lower ESA doses, had better outcomes. This
suggested that the need for a higher dose was
associated with poorer outcomes, either as a
marker of comorbidity or due to yet undocu-
mented side effects of such high doses.

General approach to therapy

Before attributing anemia to chronic kidney
disease, a thorough evaluation should be con-
ducted to look for any reversible process that
could be contributing to the anemia.

The causes of anemia are numerous and be-
yond the scope of this review. However, among
the common causes of anemia in chronic kid-
ney disease are deficiencies of iron, vitamin B,,,
and folate. Therefore, guidelines recommend
checking iron, vitamin B,,, and folate levels in
the initial evaluation of anemia.®°

Iron deficiency in particular is very com-
mon in chronic kidney disease patients and is
present in nearly all dialysis patients.®' Hemo-
dialysis patients are estimated to lose 1 to 3 g
of iron per year as a result of blood loss in the
dialysis circuit and increased iron utilization
secondary to ESA therapy.®

However, in contrast to the general popu-
lation, in which the upper limits of normal for
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iron indices are well defined, high serum ferritin
levels appear to be poorly predictive of hemoglo-
bin responsiveness in dialysis patients.?* Thus,
the cutoffs that define iron responsiveness are
much higher than standard definitions for iron
deficiency.5% The Dialysis Patients’ Response
to IV Iron With Elevated Ferritin (DRIVE)
study showed that dialysis patients benefit from
intravenous iron therapy even if their ferritin is
as high as 1,200 ng/mL, provided their transfer-
rin saturation is below 30%.5

Of note, erythropoietin levels cannot be
used to distinguish renal anemia from other
causes of anemia. Indeed, patients with re-
nal failure may have “relative erythropoietin
deficiency,” ie, “normal” erythropoietin lev-
els that are actually too low in view of the
degree of anemia.®®® In addition to the de-
creased production capacity by the kidney,
there appears to be a component of resis-
tance to the action of erythropoietin in the
bone marrow.

For these reasons, there is no erythropoi-
etin level that can be considered “inadequate”
or defining of renal anemia. Thus, measuring
erythropoietin levels is not routinely recom-
mended in the evaluation of renal anemia.

Two ESA preparations
The two ESAs that have traditionally been
used in the treatment of renal anemia are
recombinant human erythropoietin and dar-
bepoietin alfa. They appear to be equivalent
in terms of safety and efficacy.” However, dar-
bepoietin alfa has more sialic acid molecules,
giving it a higher potency and longer half-life
and allowing for less-frequent injections.”""
In nondialysis patients, recombinant hu-
man erythropoietin is typically given every 1
to 2 weeks, whereas darbepoietin alfa can be
given every 2 to 4 weeks. In dialysis patients,
recombinant human erythropoietin is typi-
cally given 3 times per week with every dialy-
sis treatment, while darbepoietin alfa is given
once a week.

Target hemoglobin levels: < 11.5 g/dL
In light of the four trials described in Table 1,
the international Kidney Disease: Improving
Global Outcomes (KDIGO) guidelines® rec-
ommend the following (Table 2):

For patients with chronic kidney disease
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TABLE 2
Target hemoglobin and iron indices

Target Target Target transferrin
hemoglobin ferritin saturation
Chronic kidney disease > 10 g/dL > 100 ng/mL > 20%
End-stage renal disease 10-11.5 g/dL 200-1,200 ng/mL 30%-50%

Based on information in KDIGO Clinical Practice Guideline for Anemia in Chronic Kidney Disease. Kidney Int Suppl 2012; 2:279-335.

who are not on dialysis, ESA therapy should
not be initiated if the hemoglobin level is
higher than 10 g/dL. If the hemoglobin level
is lower than 10 g/dL, ESA therapy can be ini-
tiated, but the decision needs to be individu-
alized based on the rate of fall of hemoglobin
concentration, prior response to iron therapy,
the risk of needing a transfusion, the risks
related to ESA therapy, and the presence of
symptoms attributable to anemia.

For patients on dialysis, ESA therapy
should be used when the hemoglobin level is
between 9 and 10 g/dL to avoid having the
hemoglobin fall below 9 g/dL.

In all adult patients, ESAs should not be
used to intentionally increase the hemoglo-
bin level above 13 g/dL but rather to maintain
levels no higher than 11.5 g/dL. This target is
based on the observation that adverse outcomes
were associated with ESA use with hemoglobin
targets higher than 13 g/dL (Table 1).

Target iron levels
Regarding iron stores, the guidelines recom-
mend the following:

For adult patients with chronic kidney
disease who are not on dialysis, iron should
be given to keep transferrin saturation above
20% and ferritin above 100 ng/mL. Transfer-
rin saturation should not exceed 30%, and fer-
ritin levels should not exceed 500 ng/mL.

For adult patients on dialysis, iron should
be given to maintain transferrin saturation
above 30% and ferritin above 200 ng/mL.

The upper limits of ferritin and transferrin
saturation are somewhat controversial, as the
safety of intentionally maintaining respective
levels greater than 30% and 500 ng/mL has
been studied in very few patients. Transferrin
saturation should in general not exceed 50%.

CLEVELAND CLINIC JOURNAL OF MEDICINE

High ferritin levels are associated with
higher death rates, but whether elevation of
ferritin levels is a marker of excessive iron ad-
ministration rather than a nonspecific acute-
phase reactant is not clear. The 2006 guide-
lines® cited upper ferritin limits of 500 to 800
ng/mL. However, the more recent DRIVE
trial® showed that patients with ferritin levels
of 500 to 1,200 ng/mL will respond to intrave-
nous administration of iron with an increase
in their hemoglobin levels. This has led many
clinicians to adopt a higher ferritin limit of
1,200 ng/mL.

Hemosiderosis, or excess iron deposition,
was a known consequence of frequent transfu-
sions in patients with end-stage renal disease
before ESA therapy was available. However,
there have been no documented cases of clini-
cal iron overload from iron therapy using cur-
rent guidelines.”

These algorithms are nuanced, and the
benefit of giving intravenous iron should al-
ways be weighed against the risks of short-
term acute toxicity and infection. Treatment
of renal anemia not only requires in-depth
knowledge of the topic, but also familiarity
with the patient’s specific situation. As such, it
is not recommended that clinicians unfamiliar
with the treatment of renal anemia manage its
treatment.

I PARTICULAR CIRCUMSTANCES

Inflammation and ESA resistance

While ESAs are effective in treating anemia
in many cases, in many patients the anemia
fails to respond. This is of particular impor-
tance, since ESA hyporesponsiveness has
been found to be a powerful predictor of car-
diovascular events and death.™ It is unclear,
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however, whether high doses of ESA are in-
herently toxic or whether hyporesponsiveness
is a marker of adverse outcomes related to co-
morbidities.

KDIGO defines initial hyporesponsive-
ness as having no increase in hemoglobin
concentration after the first month of appro-
priate weight-based dosing, and acquired hy-
poresponsiveness as requiring two increases
in ESA doses up to 50% beyond the dose at
which the patient had originally been stable.®
Identifying ESA hyporesponsiveness should
lead to an intensive search for potentially cor-
rectable factors.

The two major factors accounting for the
state of hyporesponsiveness are inflammation
and iron deficiency.”®

Inflammation. High C-reactive protein
levels have been shown to predict resistance
to erythropoietin in dialysis patients.” The
release of cytokines such as tumor necrosis
factor alpha, interleukin 1, and interferon
gamma has an inhibitory effect on erythro-
poiesis.”® Additionally, inflammation can alter
the response to ESAs by disrupting the me-
tabolism of iron” through the release of hep-
cidin, as previously discussed.’® These reasons
likely account for the observed lower response
to ESAs in the setting of acute illness and ex-
plain why ESAs are not recommended for cor-
recting acute anemia.®

Iron deficiency also can blunt the response
to ESAs. Large amounts of iron are needed for
effective erythropoietic bursts. As such, iron
supplementation is now a recognized treat-
ment of renal anemia.®!

Other factors associated with hyporespon-
siveness include chronic occult blood loss,
aluminum toxicity, cobalamin or folate defi-
ciencies, testosterone deficiency, inadequate di-
alysis, hyperparathyroidism, and superimposed
primary bone marrow disease,**®* and these
should be addressed in patients whose anemia
does not respond as expected to ESA therapy.
A summary of the main causes of ESA hypo-
responsiveness, their reversibility, and recom-
mended treatments is presented in Table 3.

Antibody-mediated pure red-cell apla-
sia. Rarely, patients receiving ESA therapy
develop antibodies that neutralize both the
ESA and endogenous erythropoietin. The re-
sulting syndrome, called antibody-mediated
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pure red-cell aplasia, is characterized by the
sudden development of severe transfusion-
dependent anemia. This has historically been
connected to epoetin beta, a formulation not
in use in the United States. However, cases
have been documented with epoetin alfa and
darbepoetin. The incidence rate is low with
subcutaneous ESA use, estimated at 0.5 cases
per 10,000 patient-years®* and anecdotal with
intravenous ESA.% The definitive diagnosis
requires demonstration of neutralizing anti-
bodies against erythropoietin. Parvovirus in-
fection should be excluded as an alternative
cause of pure redcell aplasia.

I ANEMIA IN CANCER PATIENTS

ESAs are effective in raising hemoglobin lev-
els and reducing transfusion requirements in
patients with chemotherapy-induced ane-
mia.® However, there are data linking the use
of ESAs to shortened survival in patients who
have a variety of solid tumors.®

Several mechanisms have been proposed
to explain this rapid disease progression, most
notably acceleration in tumor growth®-° by
stimulation of erythropoietin receptors on the
surface of the tumor cells, leading to increased
tumor angiogenesis.’"%?

For these reasons, treatment of renal ane-
mia in the setting of active malignancy should
be referred to an oncologist.

I NOVEL TREATMENTS

Several new agents for treating renal anemia
are currently under review.

Continuous erythropoiesis receptor activator
Continuous erythropoiesis receptor activator is
a pegylated form of recombinant human eryth-
ropoietin that has the ability to repeatedly ac-
tivate the erythropoietin receptor. It appears to
be similar to the other forms of erythropoietin
in terms of safety and efficacy in both end-stage
renal disease” and chronic kidney disease.” It
has the advantage of an extended serum half-
life, which allows for longer dosing intervals,
ie, every 2 weeks. Its use is currently gaining
popularity in the dialysis community.

HIF stabilizers
Our growing understanding of the physiology
of erythropoietin offers new potential treat-
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Erythropoiesis-stimulating agent hyporesponsiveness:

A practical approach

Cause Test Course of action
Easily correctable causes
Iron deficiency Iron studies If low, replenish

Vitamin B, deficiency
Folate deficiency
Hypothyroidism
ACEi/ARB-induced anemia

Potentially correctable causes

Infection and inflammation

Hyperparathyroidism
Underdialysis

Blood loss or hemolysis

Bone marrow disorder,
pure red-cell aplasia

Noncorrectable causes
Hemoglobinopathies

Bone marrow disorders

Vitamin B, level
Folate level
Thyroid-stimulating hormone level

ACEi or ARB level

Serum C-reactive protein level

Parathyroid hormone level

KtV

Reticulocyte count
(look for high value)

Reticulocyte count
(look for low value)

Serum protein electrophoresis

Bone marrow biopsy

If low, replenish

If low, replenish
Manage hypothyroidism
Stop ACEi or ARB

If elevated, check for and treat infection
or inflammation

Manage hyperparathyroidism

Improve dialysis efficiency

Endoscopy, colonoscopy, hemolysis screen

Check anti-ESA antibodies, parvovirus poly-
merase chain reaction, consider bone marrow
biopsy

Hematology referral

Hematology referral

ACEi = angiotensin-converting enzyme inhibitor, ARB = angiotensin Il receptor blocker, Kt/V = dialyzer clearance of urea times dialysis time, divided by volume

of distribution of urea

ment targets. As previously described, produc-
tion of erythropoietin is stimulated by HIFs.
In order to be degraded, these HIFs are hy-
droxylated at their proline residues by a prolyl
hydroxylase. A new category of drugs called
prolyl-hydroxylase inhibitors (PDIs) offers the
advantage of stabilizing the HIFs, leading to
an increase in erythropoietin production.

In phase 1 and 2 clinical trials, these agents
have been shown to increase hemoglobin in

CLEVELAND CLINIC JOURNAL OF MEDICINE

both end-stage renal disease and chronic kid-
ney disease patients!® but not in anephric
patients, demonstrating a renal source of the
erythropoietin production even in nonfunc-
tioning kidneys. The study of one PDI agent
(FG 2216) was halted temporarily after a re-
port of death from fulminant hepatitis, but the
other (FG 4592) continues to be studied in a

phase 2 clinical trial.”
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B TAKE-HOME POINTS

Anemia of renal disease is a common con-
dition that is mainly caused by a decrease
in erythropoietin production by the kid-
neys.

While anemia of renal disease can be cor-
rected with ESAs, it is necessary to investi-
gate and rule out underlying treatable con-
ditions such as iron or vitamin deficiencies
before giving an ESA.

Anemia of renal disease is associated with
significant morbidity such as increased risk
of left ventricular hypertrophy, myocardial
infarction, and heart failure, and has been
described as an all-cause mortality multi-
plier.

Unfortunately, the only undisputed ben-
efit of treatment to date remains the

more, the large randomized controlled
trials that looked at the benefits of ESA
have shown that their use can be associ-
ated with increased risk of cardiovascular
events. Therefore, use of an ESA in end-
stage renal disease should never target a
normal hemoglobin levels but rather aim
for a hemoglobin level of no more than
11.5 g/dL.

Use of an ESA in chronic kidney disease
should be individualized and is not recom-
mended to be started unless the hemoglo-
bin level is less than 10 g/dL.

Several newer agents for renal anemia are
currently under review. A pegylated form
of recombinant human erythropoietin has
an extended half-life, and a new and prom-
ising category of drugs called HIF stabiliz-

avoidance of blood transfusions. Further-
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Anemia of chronic kidney disease

(AUGUST 2016)

The article “Anemia of chronic kidney disease: Treat
it, but not too aggressively” by Drs. Georges Nakhoul
and James E Simon (Cleve Clin ] Med 2016; 83:613—
624) contained a typographical error. In Table 2, the
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target ferritin level in chronic kidney disease is given
as greater than 100 ng/dL, and for end-stage renal dis-
ease 200 to 1,200 ng/dL. Ferritin levels are measured
in ng/mL, not ng/dL.
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