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The relationship between chronic
kidney disease (CKD), erythro-
poietin deficiency, and anemia
has been well established.

Erythropoietin is an endogenous cyto-
kine that provides the essential stimu-
lus for red blood cell (RBC) produc-
tion. In the presence of erythropoi-
etin, RBC precursors differentiate,
proliferate, and mature, leading to an
increase in RBC volume. Inadequate
production of erythropoietin by the
diseased kidneys is the primary cause of
the anemia of CKD (Papayannopoulou,
D’Andrea, Abkowitz, & Migliaccio,
2005).

Epoetin alfa, a product of
biotechnology, has the same struc-
ture and biological effects as native
erythropoietin and allows effective
treatment of the anemia of CKD.
Prior to the availability of Epoetin
alfa, severe anemia was widespread
among patients on dialysis, and most
patients required blood transfusions
to treat their anemia. At that time,
many patients suffered from debili-
tating anemia-related symptoms that
compromised their quality of life,
including muscle weakness, fatigue,
shortness of breath, and exercise
intolerance (National Kidney Found-
ation, 2006). Since 1991, the percent
of patients with a point-in-time Hb
below 11 g/dL has decreased from
approximately 84% to 22%, reflect-
ing significant progress in treating
this insidious disease (United States

Renal Data System [USRDS], 2006).
While these analyses highlight

the tremendous progress that has
been achieved in treating anemia
since the introduction of Epoetin
alfa, data indicate that the current
method of assessing Hb levels may
underestimate the amount of time
that patients spend with Hb levels
below 11 g/dL. In a recent analysis
of more than 40,000 patients on dial-
ysis, data were retrospectively ana-
lyzed over a period of 2 years to
determine the amount of time
patients spent with Hb levels lower
than 11 g/dL. The results showed
that the mean Hb level for all
patients over the course of study was
11.7 g/dL – a statistic that is in agree-
ment with the USRDS data.
However, an assessment of whether

patients were consistently main-
tained in the target Hb range found
that only 22% of patients had Hb lev-
els of at least 11 g/dL for the entire 6-
month study period. Significantly,
about 30% of patients spent more
than 40% of their time – or about 2
1/2 months – with Hb levels below
11 g/dL during the 6-month period
(Ofsthun et al., 2005).

These data indicate that there is
still significant opportunity to
improve the Hb outcomes in
patients on dialysis. Variability in Hb
levels in patients on dialysis may be
affected by a wide variety of factors
that can contribute to an acute or
chronic anemia (see Table 1). One of
the primary categories of factors that
can result in hyporesponse is infec-
tion and inflammation. This article
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Goal
Minimize the impact of infection and inflammatory conditions on hemoglobin
levels.

Objectives
1. Describe the impact of infection and inflammatory condi-

tions on erythropoiesis.
2. Discuss laboratory trends in patients with chronic kidney

disease with infections and inflammatory conditions.
3. List factors in assessing patients with chronic kidney dis-

ease for infection and inflammatory conditions.

Acute or chronic infections or inflammatory conditions can exacerbate anemia in patients on
dialysis. The primary goal is to identify and treat the underlying disorder, while minimizing
the impact on hemoglobin (Hb) levels. Nurses can be instrumental in minimizing the impact
of these conditions by monitoring the longitudinal trends in Hb levels, proactively assessing
patients for inflammatory or infectious conditions, and intervening to resolve causative con-
ditions and minimize the impact on anemia.
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provides an overview of the mecha-
nism and impact of infection/inflam-
matory-based anemia, and uses a
case study to explore the nursing
role in managing anemia caused by
these conditions.

Cytokines and the Acute-phase
Response

Although erythropoietin is the
essential growth factor for RBC
development, the erythropoietic cas-
cade is modulated by a wide variety
of other factors that can impede ery-
thropoiesis when they are released
during the acute-phase response that
occurs in response to inflammatory or
infectious disorders (see Table 2). Hb
levels can drop rapidly due to accel-
erated destruction of erythrocytes by
inflammatory-activated reticulocyte
macrophages. During the initial
acute-phase response, these clear the
circulation of erythrocytes coated
with immunoglobulins or immune
complex (Barany, 2003). However,
the primary erythropoiesis-suppress-
ing effect of inflammation/infection is
due to the inhibitory effects of pro-
inflammatory cytokines on the ery-
thropoietic cascade. Cytokines such
as TNF-α and IL-1 diminish ery-
throid precursor sensitivity to ery-

thropoietin, resulting in a decrease in
new cell production (Barany, 2003).

Cytokines, Hepcidin, and Iron
The acute-phase response also has

a significant effect on iron parameters.
Cytokines such as IL-1, IL-6, TNF-α,
INF-γ, and lipopolysaccharide stimu-
late a decrease in the iron supply to
RBC precursors, primarily at the ery-
throblast stage of development (Weiss
& Goodnough, 2005). The primary
iron-sequestering effect of cytokines is
elicited by IL-6, which stimulates the
release of hepcidin. Hepcidin has
been shown to be a critical regulator
of iron, and the anemia of inflamma-
tion/infection is primarily attributed
to hepcidin-induced sequestration of
iron in macrophages (McGrath &
Rigby, 2004). Although the mecha-
nisms by which hepcidin regulates
iron have not been fully elucidated,
data indicate that hepcidin blocks
both the release of storage iron from
macrophages, and the absorption of
iron from the gastrointestinal tract
(Vyoral, & Petrak, 2005).

Data suggest that the onset of
action of hepcidin is very quick. In
studies with synthetic hepcidin,
serum iron levels fell 57% within 22
hours of administration. This rapid

effect can be explained by the fact
that the plasma transferrin compart-
ment typically contains only 2 to 4
mg of iron, which must turn over
every few hours. Thus, blockade of
macrophage iron efflux could lead to
a decrease in plasma iron concentra-
tions within hours (Kemna et al.,
2005).

Studies in patients on dialysis
have shown that hepcidin levels cor-
relate with functional iron deficiency
and Epoetin alfa hyporesponsive-
ness. A representative Italian study
of 72 patients on hemodialysis and
78 patients on peritoneal dialysis
assessed the relationship between
weekly doses of Epoetin alfa and lev-
els of hepcidin, highly sensitive c-
reactive protein (CRP), Hb, iron,
and ferritin (Pertosa et al., 2005). In a
univariate analysis, serum hepcidin
concentrations directly correlated
with highly sensitive CRP (r = 0.8; P
< 0.01), ferritin (r = 0.5; P < 0.01),
and Epoetin alfa dose (r = 0.4; P <
0.05). Interestingly, serum hepcidin
levels were significantly higher in
patients on hemodialysis compared
with patients on peritoneal dialysis,
despite similar Hb and serum iron
levels. However, ferritin levels were
significantly higher in patients on
hemodialysis as were weekly
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Table 1
Common Conditions That Can

Contribute to Anemia

• Malnutrition

• Inflammation

• Infection

• Blood loss

• Hemolysis

• Iron deficiency

• Oxidative stress

• Dialysis inadequacy

• Secondary hyperparathyroidism

• HIV/AIDS

• PRCA

• Malignancies

• Hematologic disorders

• Concomitant medications

Table 2
Common Inflammatory and Infectious Disorders in 

Patients on Dialysis

Inflammatory Conditions Infections

• Pericarditis
• Diabetic skin ulcer
• Surgery
• Rheumatoid arthritis
• Gout
• Lupus
• Inflammatory bowel disease
• Malignancy
• Gangrene
• Fracture
• Soft tissue trauma
• Osteoarthritis
• Transplant rejection
• Phlebitis
• Diverticulitis
• Paronychiae
• Cellulitis

• Access site infection
• Urinary tract infection
• Pneumonia
• Abscessed teeth
• Hepatitis B/C
• HIV/TB
• Peritonitis
• Respiratory infection
• Perinephric abscess
• Soft tissue infection
• CMV
• Wound infection
• Gum disease
• Osteomyelitis
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Epoetin alfa requirements. The
authors suggest that an increase in
hepcidin levels during inflammatory
disorders causes functional iron defi-
ciency and hyporesponse to Epoetin
alfa.

Iron Parameters During
Infection/Inflammation

In individuals who are not on dial-
ysis, transferrin saturation (TSAT) lev-
els range from 15% to 50% in females,
and 20% to 50% in males. Ferritin lev-
els in individuals not on dialysis range
from 10 to 120 ng/mL in females, and
20 to 250 ng/mL in males (Tietz,
1995). Ferritin is an acute-phase reac-
tant that increases in the presence of
acute or chronic inflammation due to
hepcidin-stimulated sequestration of
iron in macrophages. While ferritin
levels are generally not a good indica-
tor of iron status in patients on dialy-
sis, the revised NKF-KDOQI™ ane-
mia guidelines provide specific tips
for managing iron levels in patients
on dialysis. The guidelines indicate
that ferritin levels should be main-
tained > 100 g/dL in patients on peri-
toneal dialysis, and > 200 ng/mL in
patients on hemodialysis. Despite the
questionable utility of ferritin in ascer-
taining iron status, the NKF-
KDOQI™ guidelines state that there is
no evidence for routinely maintaining
ferritin > 500 ng/mL in patients on
dialysis. However, when ferritin is >
500 ng/mL and TSAT is < 20%, the
need for IV iron should be deter-
mined based on the Hb level, respon-
siveness to Epoetin alfa, and the indi-
vidual patient’s clinical status. The
guidelines recommend integrating
the assessment of iron and Hb values
in conjunction with Epoetin alfa dose
requirements to ensure that the dos-
ing and titration of these medications
is accomplished in light of the
patient’s comprehensive clinical pic-
ture. (NKF, 2006).

Data from the most recent
Clinical Performance Measures
(CPM) report shows that the nation-
al average for transferrin saturation
as of October-December 2003 was
29.3% (ranging from 27.1% to 32.0%

among the 18 Networks). Ferritin
levels averaged 596 ng/mL over the
same time (ranging from 517 to 660
ng/mL among the Networks).
Among the 2% of patients with a
transferrin saturation < 20% and
mean serum ferritin < 100 ng/mL,
only 1% were not prescribed IV iron
at least once during the 3-month
analysis (Centers for Medicare &
Medicaid Services, 2004).

C-Reactive Protein Levels
During Infection/Inflammation

Infection and inflammation are
frequently heralded by an increase in
CRP, which is synthesized primarily
by hepatocytes, and increases as early
as 4 to 6 hours after injury such as
inflammation, trauma, or tissue
necrosis. The Centers For Disease
Control defines the normal range for
CRP as 0.08 to 3.1 mg/L. For patients
on dialysis, the NKF-KDOQI™ has
defined inflammation as a CRP level
greater than 5 to 10 mg/L. Levels of
CRP increase more dramatically than
other acute-phase proteins, making it
potentially useful for clinical evalua-
tions (NKF, 2006). Although this test
may provide useful information, it is
not assessed routinely by many dialy-
sis facilities.

Nursing Implications For
Managing Anemia Resulting
from Infection/Inflammation

Patients on dialysis are susceptible
to many inflammatory and infectious
conditions that can affect hematologi-
cal parameters. Nurses typically are
the front-line clinicians who have the
best opportunity to proactively identi-
fy these conditions, and are frequent-
ly responsible for managing the ane-
mia associated with infection and
inflammation, regardless of the physi-
ology or etiology. These conditions
can often be detected by assessing
laboratory trends and a patient’s his-
tory and physical status. Longitudinal
trending of laboratory values, using a
minimum of 3 months of Hb read-
ings, can often proactively identify a
condition that is affecting Hb.

Infection or inflammation should be
suspected whenever there is a simul-
taneous decrease in Hb and TSAT,
accompanied by an increase in fer-
ritin. Whenever possible, the underly-
ing condition should be corrected,
and anti-inflammatory or antibiotic
therapies initiated or titrated as
appropriate.

The inhibitory effect of infec-
tion/inflammation on erythropoiesis
can usually be overcome in a dose-
dependent fashion by administering
higher doses of Epoetin alfa (Barany,
2003), and, depending on the
patient’s status, it may be appropri-
ate to titrate Epoetin alfa doses
upward to maintain target Hb levels.
For Hb levels that are below 11 g/dL
or still within the range but trending
downward, the dose of Epoetin alfa
should be increased by at least 25%.
Once the infection or inflammatory
condition is resolved, the Epoetin
alfa doses should again be titratated
downward to avoid overshooting the
Hb target.

Whether and to what extent iron
administration is safe and effective
during infectious/inflammatory con-
ditions still remains undecided. The
2006 NKF-KDOQI™ guidelines rec-
ommend discontinuing IV iron dur-
ing an active infectious process. The
guidelines do not preclude use of IV
iron if, in the clinician’s judgment, a
trial of iron therapy is warranted
(NKF, 2006).

Nursing implications for manage-
ment of anemia during infectious/
inflammatory conditions are high-
lighted in the following case study.

Case Study
JB is a 71-year-old female with

ESRD caused by diabetes. Con-
comitant conditions include hyper-
tension, peripheral vascular disease,
and congestive heart failure. Her Hb
had been relatively stable at a level of
11.8 to 12.4 g/dL for the past 3
months. However, trend analysis
detected a gradual decrease in Hb to
11.1 g/dL, accompanied by an
increase in serum ferritin from 345 to
815 ng/mL, and a decrease in trans-
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ferrin saturation from 32% to 21%.
The patient has a history of diabetic
foot ulcers.

The patient’s temperature is nor-
mal, and no reason for the change in
laboratory parameters was evident
following a routine physical exami-
nation (including an examination of
the feet, vascular access site, and
mouth). The nurse had a discussion
with the patient, who mentioned that
her right calf had felt warm and
painful to the touch for the past
week. An examination and diagnos-
tic studies revealed deep vein throm-
bosis.

After a discussion with the physi-
cian, systemic anticoagulation was
initiated, the Epoetin alfa dose was
increased by 25%, and the frequency
of Hb assessments was increased to
weekly. The Hb continued to decline
to 10.9 g/dL before stabilizing and
increasing to 11.3 g/dL in response
to the dose increase. Four weeks
later, the deep vein thrombosis had
resolved, and the Hb again began to
increase. The dose of Epoetin alfa
was decreased by 25%, and the Hb
stabilized at 12.1 g/dL.

Discussion
Patients on dialysis typically have

an abnormal immune response and
frequently do not exhibit an increase
in temperature in the presence of an
infectious and inflammatory disorder.
Physical examinations are therefore
crucial to assess common sites of
infection or inflammation. Routine
evaluation of vascular access sites for
all patients and the feet of patients
with diabetes should be undertaken
since these are obvious sources of
infection or inflammation. Nurses
should be cognizant that inflammato-
ry processes can arise in any bodily
system, making routine head-to-toe
physical examinations a necessity.
The patients often can provide the
most valuable information regarding
their status.

In this case, a quality improve-
ment effort was undertaken to stress
the importance of nurses conducting
routine head-to-toe physical exami-
nations, and of all staff members rou-
tinely querying the patient regarding
changes in status.

Conclusion
Acute or chronic infectious or

inflammatory disorders can cause or
exacerbate anemia, thereby leading
to a diminished response to Epoetin
alfa therapy and a decrease in Hb.
The primary goals in managing the
anemia of infection and inflammation
to identify and treat the underlying
disorder, while minimizing the
impact on Hb levels. Nurses can be
instrumental in minimizing the
impact of these conditions by moni-
toring the longitudinal trends in Hb
levels, proactively assessing patients
for inflammatory or infectious condi-
tions that may cause anemia, predict-
ing their clinical course, and interven-
ing to resolve causative conditions
and minimize the impact on anemia.
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Posttest Questions 
(See posttest instructions on the answer form, on page 324.)

1. A recent analysis indicates that
over a 6 month period, about
30% of patients spend about
______ months with Hb below 11
g/dL.

A. 1.5 months
B. 2.5 months
C. 3.5 months
D. 4.5 months

2. An example of a cytokine that
can diminish RBC precursor
sensitivity to erythropoietin is

A. Hepcidin.
B. IL-10.
C. IL-8.
D. TNF-α.

3. Hepcidin causes a decrease in
iron levels during infection or
inflammation by preventing

A. the release of iron from
macrophages.

B. the release of iron from old red
blood cells.

C. iron from entering developing
erythroblasts.

D. iron from entering developing
reticulocytes.

4. Iron levels can fall quickly when
hepcidin levels are increased
because the plasma transferrin
compartment typically only con-
tains

A. 0.25 to 0.5 mg. of iron.
B. 0.5 to 1 mg. of iron.
C. 1 to 2 mg. of iron.
D. 2 to 4 mg. of iron.

5. The new KDOQI™ anemia guide-
lines state that there is no evi-
dence for routinely maintaining
ferritin levels above

A. 200 ng/mL.
B. 300 ng/mL.
C. 400 ng/mL.
D. 500 ng/mL.

6. According to the NKF-KDOQI™

guidelines, for patients on dialy-
sis, inflammation is defined as a
CRP level greater than

A. 2 to 4 mg/dL.
B. 3 to 8 mg/dL.
C. 5 to 10 mg/dL.
D. 12 to 15 mg/dL.

7. To proactively detect the under-
lying presence of infectious or
inflammatory conditions that
may be affecting Hb levels, nurs-
es should review longitudinal
trends in Hb using at least
______ months of readings.

A. 1
B. 2
C. 3
D. 4

8. For patients with an infectious
or inflammatory conditions
whose Hb is trending downward
and is predicted to go below 11
g/dL, the dose of Epoetin alfa
should typically be increased by
_____% until the condition is
resolved.

A. 15
B. 25
C. 35
D. 45

9. Infection and inflammation
should be suspected in patients
who exhibit a

A. decrease in Hb and TSAT and
an increase in ferritin.

B. decrease in Hb and ferritin and
an increase in TSAT.

C. decrease in Hb and an increase
in ferritin and TSAT.

D. decrease in Hb and a decrease
in ferritin and TSAT.

10. The most valuable information
regarding the source of a poten-
tial infectious or inflammatory
disorder can often be provided
by questioning

A. the nephrologist.
B. the patient care technician.
C. the vascular access surgeon.
D. the patient.
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2. Objectives were met

a. Describe the impact of infection and inflammatory 1 2 3 4 5
conditions on erythropoiesis.

b. Discuss laboratory trends in patients with chronic 1 2 3 4 5
kidney disease with infections and inflammatory 
conditions.

c. List factors in assessing patients with chronic kidney 1 2 3 4 5
disease for infection and inflammatory conditions.

3. The content was current and relevant. 1 2 3 4 5
4. This was an effective method to learn this content. 1 2 3 4 5
5. Time required to complete reading assignment: _________ minutes.
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Minimize the impact of infection and inflam-
matory conditions on hemoglobin levels.


