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The Challenges of Using Serum Ferritin to
Guide IV Iron Treatment Practices in
Patients on Hemodialysis With Anemia

T he original publication of the
National Kidney Foundation’s
(NKF) Kidney Disease Out-
comes Quality Initiative

(KDOQI) was a landmark in stan-
dardizing anemia practices in
patients with chronic kidney disease
(CKD) and establishing intravenous
(IV) iron and erythropoiesis-stimu-
lating agent (ESA) therapy as the
mainstay of anemia intervention.
Since the introduction of the guide-
lines, a number of studies have pro-
vided new insight on ESA resistance,
optimal hemoglobin (Hb) levels, and
interpreting iron status indices to
maximize outcomes, prompting the
KDOQI Work Group to update its
practices in 2006. One key revision
has been the institution of a new clin-
ical practice recommendation for
using serum ferritin levels to guide
IV iron administration. In an effort
to help nephrology nurses incorpo-
rate the new serum ferritin recom-
mendation into their anemia man-
agement practices, this article will
address the following questions:
What do the KDOQI recommenda-
tions for serum ferritin really mean?
Why is serum ferritin an imprecise
measure of iron storage? What other

resources can be employed to help
determine iron status? How can we
maximize IV iron efficacy without
compromising patient safety?

IV Iron and Anemia Practices
The 2000 KDOQI guidelines

established broad target ranges for
serum ferritin (100 to 800 ng/mL)
and transferrin saturation (TSAT
20% to 50%) and a specific Hb target
(NKF, 2001). When updating the
anemia guidelines in 2006, the
KDOQI Work Group set only a

lower target threshold for serum fer-
ritin (greater than 200 ng/mL),
TSAT (greater than 20%), and reticu-
locyte Hb content (CHr greater than
29 pg) in adult patients on hemodial-
ysis with CKD (see Table 1). They
further selected an Hb target of 11
g/dL or higher, but less than 13
g/dL, in ESA-treated patients (NKF,
2006).

The rationale for the new lower
limit of 200 ng/mL for serum ferritin
is based on evidence that the prior
lower level of 100 ng/mL grossly
underestimated the presence of iron
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Goal
Nephrology nurses will be able to incorporate the 2006 KDOQI clinical practice
recommendations for iron administration into their anemia management practices.
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1. Discuss the 2006 KDOQI  clinical practice recommendations for target

ranges for serum ferritin levels and transferring saturation.
2. Describe reasons that serum ferritin is an imprecise measure of iron status.
3. List resources the nurse can employ to more accurately determine the

patient’s iron status.
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deficiency. Bone marrow studies in
patients with CKD undergoing
hemodialysis have indicated little or
no stainable iron at levels greater
than 100 ng/mL, particularly in a set-
ting of inflammation (Fernandez-
Rodriguez et al., 1999; Kalantar-
Zadeh et al., 1995; NKF, 2006).

In addition, studies have shown
that supplemental iron can be effi-
cacious in patients with serum fer-
ritin greater than 200 ng/mL. Two
randomized controlled trials have
shown that a higher serum ferritin
target is associated with improved
hematologic outcomes, as demon-
strated by decreased ESA require-
ments (Besarab et al., 2000; DeVita
et al., 2003; NKF, 2006).

Because of limited efficacy data,
the Work Group was unable to rec-
ommend routine IV iron adminis-
tration if serum ferritin is greater
than 500 ng/mL (NKF, 2006). This
lack of evidence underscores the

need for additional studies, particu-
larly assessment of clinical signifi-
cance of different levels of iron tar-
gets and efficacy/safety of IV iron
therapy at elevated serum ferritin
levels.

So what does this mean in terms
of practical application in a clinical
setting? At serum ferritin levels
greater than 500 ng/mL, IV iron
administration should be based on
evaluation of the whole patient,
incorporating Hb and TSAT levels,
individual clinical status, and
responsiveness to ESA therapy.
Considering that all patients under-
going hemodialysis experience
ongoing blood loss (Sakiewicz &
Paganini, 1998), administration of
maintenance IV iron therapy is pru-
dent in the majority of patients on
hemodialysis. A course of IV iron
therapy may be indicated in select-
ed patients when, in the clinician’s
judgment, iron deficiency may exist

despite an elevated serum ferritin.
In order to establish appropriate

IV iron and anemia practices that
are consistent with the KDOQI
guidelines and recommendations,
the nephrology nurse should be
aware of the challenges associated
with using the serum ferritin marker
to accurately measure iron storage.

Serum Ferritin: An Indirect
Measure of Iron Storage

Routinely monitoring a patient’s
iron status using the various iron
markers is an essential component of
successful anemia management (see
Table 2). The KDOQI guidelines
recommend that iron status tests be
performed every month during ini-
tial ESA treatment and at least once
every 3 months during stable ESA
treatment (NKF, 2006). Some cir-
cumstances, such as correcting a sub-
optimal Hb level during ESA thera-
py, following surgery or hospitaliza-
tion, or evaluating ESA hyporespon-
siveness, may warrant more frequent
iron testing.

Despite their limitations, the most
frequently used iron indices are
serum ferritin and TSAT. The TSAT
marker, calculated by dividing the
serum iron concentration by the total
iron-binding capacity (TIBC) and
multiplying by 100, represents the
amount of iron available for erythro-
poiesis. However, data have shown
that a decreased TIBC value in poor-
ly nourished patients may erro-
neously increase the TSAT ratio.
This situation can mislead the clini-
cian into a false security that the
patient has an adequate iron supply
and, in turn, may result in under-
treatment with IV iron therapy.
Investigators have recommended
not using the TSAT ratio as a diag-
nostic tool of iron deficiency if serum
TIBC is less than 200 mg/dL
(Kalantar-Zadeh et al., 1998).

Serum ferritin measures the
amount of iron stored in the body,
primarily in the reticuloendothelial
system (RES). In healthy individuals
(i.e., those without disability), the
serum ferritin concentration is pro-
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Table 1
KDOQI Clinical Practice Recommendation for Iron Therapy

Parameter Sufficient Iron During ESA Therapy

TSAT greater than 20%

CHr greater than 29 pg/cell

Serum ferritin • greater than 200 ng/mL for hemodialysis
• greater than 100 ng/mL in chronic kidney disease and

peritoneal dialysis 
• When serum ferritin is greater than 500 ng/mL, decisions

about IV iron treatment should be based on patient 
clinical status, ESA dose/responsiveness, Hb level, iron
indices

Table 2
Assessing Iron Status

Lab Test Measurement

Serum iron concentration Iron in circulation bound to transferrin

Total iron-binding capacity Circulating transferrin

Transferrin saturation Circulating iron available for erythropoiesis

Reticulocyte hemoglobin content Immediate iron available for incorporation 
into red blood cells

Serum ferritin Iron storage

Hemoglobin Utilization of iron
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portional to the total body iron
stores, with the lower limit of normal
ranging from 8 to 30 ng/mL
(Fishbane & Maesaka, 1997). Some
healthy adults have serum ferritin
values as high as 300 ng/mL
(Caremark Health Resources, 2006).
Conversely, patients on dialysis will
have significantly higher serum fer-
ritin levels than normals at any given
level of iron stores.

In patients without kidney dis-
ease, serum ferritin levels less than
12 ng/mL are predictive of iron-defi-
ciency anemia (Fishbane & Maesaka,
1997). In patients on hemodialysis
treated with ESA therapy, guidelines
suggest that the lower limit of serum
ferritin indicating absolute iron defi-
ciency (i.e., depleted iron stores) is
less than 200 ng/mL (NKF, 2006).
But even with this recommendation,
iron deficiency is not always detect-
ed because patients with normal or
significantly increased serum ferritin
levels can be functionally iron defi-
cient (i.e., iron is not released fast
enough from the RES to meet the
increased demand for iron driven by
ESA therapy) (Fishbane & Maesaka,
1997). In these patients, it becomes
more important not to miss a diag-
nosis of iron deficiency.

One step to effectively diagnosing
iron deficiency is to understand why
serum ferritin is an imprecise marker
of true iron status and how it differs
from tissue ferritin (see Table 3). A
significant proportion of iron stored
in the RES is present as tissue ferritin,
a protein shell consisting of 24
polypeptide subunits surrounding an
iron core. Its function is to store and
release iron, which enters and exits
ferritin through holes in the shell.
This well-controlled process acts as a
“buffer” against iron deficiency (fer-
ritin can release more iron if there is
too little iron in the blood) and, to a
lesser degree, iron excess (ferritin can
help to store iron if there is too much
iron in the blood and tissues) (Ponka,
Beaumont, & Richardson, 1998).

Although tissue ferritin clearly
plays a role in intracellular iron han-
dling, the role of serum ferritin is not
as well defined (Cavill, 1999). The

serum ferritin concentration results
from leakage of tissue ferritin, and
therefore contains little or no iron
(see Figure 1). When iron enters a
cell of the RES, the iron binds to tis-
sue ferritin and is stored until needed
by the body. During the process in
which iron binds to tissue ferritin,
serum ferritin is released into the cir-
culation. 

Although cellular levels of iron
affect the production of serum fer-
ritin, there is no clear-cut relation-
ship between serum ferritin values
and iron available for effective ery-
thropoiesis. For example, inflamma-
tory factors may interfere with the
synthesis and clearance of ferritin,
thereby increasing serum ferritin lev-
els unrelated to iron status (Kalantar-
Zadeh, Rodriguez, & Humphreys,
2004).

The Role of Inflammation in Iron
Assessment

Although the serum ferritin test
has a reasonable theoretical basis for
determining iron status, it has practi-
cal limitations that may complicate
its clinical utility (Eschbach, 2005).
Firstly, serum ferritin is an acute-
phase reactant. An acute-phase reac-
tant is any protein whose plasma
concentration increases, as with
serum ferritin levels, or decreases by
25% or more during certain inflam-
matory disorders. Despite the term
“acute,” both acute and chronic
inflammatory states are involved in
this process. Because of its acute-
phase reactivity properties, serum
ferritin levels can be increased in
patients with inflammation, regard-
less of their true iron status.

Figure 1
Synthesis and Clearance of Serum Ferritin

Table 3
Tissue Ferritin vs Serum Ferritin

Tissue Ferritin Serum Ferritin

Made in cells Originates from leakage of tissue ferritin

Contains iron Contains little or no iron

Involved in intracellular iron utilization Role less clearly understood
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Secondly, inflammation can
result in reticuloendothelial (RE)
blockade, also known as inflammato-
ry iron block, a form of iron defi-
ciency that can disrupt erythro-
poiesis. In this condition, the body
responds to the presence of acute or
chronic inflammation by blocking
the release of iron from the RES.
This results in an increase of storage
iron (marked by rapid elevation in
serum ferritin levels) and a decrease
in circulating available iron (marked
by a decline in TSAT levels) (NKF,
2001). Iron may be blocked from
leaving the RES to possibly limit the
access of infectious bacteria to the
body’s iron supply. Iron doesn’t
cause infection, but if an infection is
present, iron can help the bacteria to
survive. Elevated serum ferritin lev-
els under these conditions are not
indicative of the amount of iron in
storage (Kalantar-Zadeh et al., 2004).
Thus, high serum ferritin levels do
not necessarily enable effective ery-
thropoiesis.

The role of inflammation is an
important concern in patients on
maintenance hemodialysis because
its prevalence may be as high as 40%
to 60% (Kalantar-Zadeh et al., 2004).
Some factors that can activate the
inflammatory response include end
stage renal disease (ESRD), dialysis,
and infections. In addition, protein-
energy malnutrition, a prominent
feature of patients with ESRD that is
closely linked to inflammation, is sig-
nificantly associated with increased
serum ferritin levels. Clinically, this

means that serum ferritin is a more
useful gauge of iron status at lower
levels than at higher levels.

Interpreting Serum Ferritin
Values

The various parameters of serum
ferritin were put into perspective in a
study by Kalantar-Zadeh et al.
(2004). Based on findings that elevat-
ed serum ferritin levels are a function
of both iron and inflammation, the
investigators developed a conceptual
approach to evaluating iron status in
patients on maintenance hemodialy-
sis. Table 4 identifies the different
iron states according to serum fer-
ritin values less than 200 ng/mL, 200
to 2000 ng/mL, and greater than
2000 ng/mL and describes the effect
of inflammation in each range.
Although the categories proposed by
Kalantar-Zadeh et al. (2004) differ
from the KDOQI recommenda-
tions, they highlight the uncertainty
that exists when serum ferritin levels
range from 200 to 2000 ng/mL.

Serum Ferritin Less than 200
ng/mL

The literature suggests that a
serum ferritin level less than 200
ng/mL is an accurate indicator of
iron deficiency. One study of
patients with renal failure showed
that serum ferritin less than 200
ng/mL correlated with absolute iron
deficiency according to bone mar-
row biopsy with iron staining
(Kalantar-Zadeh et al., 1995). In fact,

at values less than 200 ng/mL, the
serum ferritin measure has a 100%
specificity for diagnosing iron defi-
ciency, meaning that clinicians can
be very confident that a low level of
serum ferritin correctly identifies
iron deficiency in dialysis patients
(Kalantar-Zadeh et al., 1995).
Research has suggested that deficient
iron stores blunt the effect of inflam-
mation on serum ferritin; therefore,
in a setting of absolute iron deficien-
cy, serum ferritin values are almost
always low (Rogers et al., 1990). As
levels moderately increase, the pre-
dictive value of serum ferritin is min-
imal, as observed in a study of
patients newly on dialysis (Fudin,
Jaichenko, Shostak, Bennett, &
Gotloib, 1998). In this study, patients
had average baseline serum ferritin
levels from 200 to 280 ng/mL
(range, 85 to 450 ng/mL) prior to
iron treatment. Although many clin-
icians would consider these levels to
be satisfactory, a bone marrow aspi-
ration revealed all patients were iron
deficient at baseline.

Serum Ferritin 200 to 2000
ng/mL

Although a serum ferritin level
less than 200 ng/mL is highly diag-
nostic of iron deficiency, many iron-
deficient patients can have higher
serum ferritin levels. Recent studies
on the role of inflammation and mal-
nutrition have increased our knowl-
edge of why patients may have
serum ferritin levels that falsely sug-
gest a state of iron repletion or excess
iron.

One study examined the effects of
inflammatory and nutritional status on
serum ferritin levels in 82 patients on
maintenance hemodialysis (Kalantar-
Zadeh et al., 2004). Inflammation was
assessed using serum C-reactive pro-
tein (CRP) levels, and nutritional sta-
tus was assessed using Subjective
Global Assessment, Dialysis Mal-
nutrition Score, and Malnutrition-
Inflammation Score. Upon evalua-
tion of these markers, the researchers
found that serum ferritin levels
between 200 and 2000 ng/mL corre-
lated with higher protein malnutri-
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Table 4
Schematic Representation of the Effect of Inflammation on Serum

Ferritin in Different Iron States in Patients on Hemodialysis

Serum Ferritin
less than 200 ng/mL

Serum Ferritin
200-2000 ng/mL

Serum Ferritin
greater than 2000 ng/mL

Deficient iron blunts the
effect of inflammation on
serum ferritin

Iron and inflammation
can independently
change serum ferritin

Iron overload overwhelms
the effect of inflammation
on serum ferritin

Serum Ferritin = Iron Serum Ferritin =
Inflammation + Iron

Serum Ferritin = Iron

Source: Kalantar-Zadeh, Rodriguez, & Humphreys, 2004.
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tion scores and increased CRP lev-
els, with serum ferritin levels greater
than 800 ng/mL having the strongest
correlation. These findings suggest
that an elevated serum ferritin (200
to 2000 ng/mL) should not be a
marker of excessive iron, but rather
an indication of iron plus inflamma-
tion/malnutrition in patients on
hemodialysis. Therefore, withhold-
ing IV iron administration in
patients with elevated serum ferritin
levels may not be a sound practice
and may deprive patients in an
inflammatory/malnourished state of
much-needed iron supplementation.

Serum Ferritin Greater Than
2000 ng/mL

Serum ferritin is less likely to be
affected by inflammation at levels
greater than 2000 ng/mL; therefore,
there is an increased possibility that
some degree of iron overload is pre-
sent at these levels (Kalantar-Zadeh
et al., 2004). The serum ferritin
threshold of greater than 2000
ng/mL is based on several previous
studies on iron overload in tha-
lassemic patients with hemochro-
matosis (Kattamis, Dinopoulos,
Ladis, Berdousi, & Kattamis, 2001;
Mavrogeni et al., 1998). Kalantar-
Zadeh et al. (2004) considered this to
be a conservative estimate because
in previously reported cases of
hemochromatosis in patients on dial-
ysis, the observed serum ferritin lev-
els were usually in the 3000 to
10,000 ng/mL range (Barany, Divino
Filho, & Bergström, 1997).

Do High Levels of Serum
Ferritin Validate Concern for
Iron Overload?

The effect of inflammation on
serum ferritin, which hinders the
clinician’s ability to diagnose iron
deficiency, highlights the challenges
of using this marker to diagnose iron
overload. As a result, identifying a
level of serum ferritin that corre-
sponds to a state of excess iron is
subject to deliberation, and an upper
level has yet to be definitely estab-
lished. For example, some investiga-

tors have suggested that iron over-
load is present when serum ferritin
levels chronically remain above
1000 ng/mL (Morrison et al., 2003),
while other researchers have esti-
mated levels above 2000 ng/mL
(Kalantar-Zadeh et al., 2004). Given
that extremely high levels of serum
ferritin (e.g., greater than 4000
ng/mL) have not produced evidence
of iron-related tissue damage
(Eschbach & Adamson, 1999), it is
likely that the patient on hemodialy-
sis will have little to no risk of iron-
related tissue damage at levels
approaching 1000 ng/mL (Agarwal,
2006). Such issues surrounding iron
overload are best understood in the
disease states hemochromatosis and
hemosiderosis.

Hemochromatosis is a genetic
disorder in which excessive amounts
of iron are absorbed from the gas-
trointestinal tract, resulting in mas-
sive iron deposition in the parenchy-
mal cell (about 20 to 40 g over many
years) that leads to tissue and organ
damage (Eschbach & Adamson,
1999). In comparison, total body
iron content averages between 2 and
4 g in adults who are healthy
(Fishbane & Maesaka, 1997), and
can be even less in patients with
ESRD due to ongoing iron losses
between 1 and 3 g annually
(Eschbach, 2005).

The level of serum ferritin at
which organ damage occurs in
patients with hemochromatosis was
examined by Morrison et al. (2003).
In this study, liver biopsies revealed
that the mean serum ferritin among
patients with histologic evidence of
cirrhosis was 4411 ng/mL, and no
patient with serum ferritin less than
1000 ng/mL had evidence of liver
pathology. These findings support
the conclusion that organ damage
due to hemochromatosis is very rare
when serum ferritin is less than 1000
ng/mL in patients with disease dura-
tion of less than 40 years. Equally
important, patients with CKD have
a far shorter duration of exposure to
high serum ferritin levels than
patients with hemochromatosis.

The type of iron overload for

which patients on hemodialysis are
at risk is hemosiderosis. Hemo-
siderosis is characterized by pre-
dominant iron deposition in the RE
cells of the spleen, liver, and bone
marrow, typically without evidence
of organ dysfunction. This excess
accumulation of iron is caused by
chronic parenteral administration of
iron and repeated red blood cell
(RBC) transfusions to treat severe
anemia. The amount of iron above
normal iron stores required to devel-
op hemosiderosis is not known, but
probably is considerable. One esti-
mate is that the storage limit of the
RES is exceeded after accumulation
of 5 g of unexcretable iron. Despite
serum ferritin levels well above 1000
ng/mL, there have been no reports
of cirrhosis, pancreatic fibrosis, or
cardiac failure caused by iron over-
load in patients on dialysis with
hemosiderosis (Besarab, Frinak, &
Yee, 1999; Eschbach & Adamson,
1999; Nissenson & Charytan, 2003).
In addition, there are no data that
iron overload from IV iron adminis-
tration increases patient morbidity
or mortality.

IV Iron is Associated with
Improved Survival at Higher
Serum Ferritin Levels

Considering the limitations sur-
rounding the accuracy of the serum
ferritin marker, it is important that
nephrology nurses do not interpret
the “500 ng/mL” value in the
KDOQI recommendations as an
upper limit of serum ferritin for
withholding IV iron therapy.
Clinical studies have failed to
demonstrate that IV iron is harmful
and have repeatedly shown that
serum ferritin is a poor predictor of
IV iron responsiveness (Fishbane,
Kowalski, Imbriano, & Maesaka,
1996; Kalantar-Zadeh, Regidor,
McAllister, Michael, & Warnock,
2005; Lin, Chang, Tan, & Leu,
2001). Such concerns have led to
conservative practices for IV iron
administration, thereby denying
treatment to patients who could ben-
efit from iron.
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The most comprehensive study
to date addressing the purported
risks of IV iron was a 24-month
analysis of a cohort of 58,000
patients on maintenance hemodialy-
sis (Kalantar-Zadeh et al., 2005).
Investigators performed time-depen-
dent and multivariate adjustment for
case mix, administered IV iron 
and ESA doses, and available surro-
gates of malnutrition-inflammation-
cachexia syndrome. Results found
that serum ferritin levels between
200 and 1200 ng/mL were associat-
ed with a consistently low all-cause
and cardiovascular death risk. In
particular, it was concluded that the
association between serum ferritin
levels greater than 800 ng/mL and
mortality was due mostly to the con-
founding effects of malnutrition and
inflammation. Therefore, routinely
withholding IV iron for serum fer-
ritin levels greater than 800 ng/mL
may be a flawed approached.

In addition, a subanalysis of this
study showed that patients who
received up to 400 mg monthly of
IV iron had improved survival com-
pared with patients not receiving IV
iron therapy. Even in patients with
serum ferritin greater than 500
ng/mL, the use of IV iron was asso-
ciated with lower relative risk of
death than their counterpoints not
receiving iron.

Primary Concern Today is Iron
Deficiency, Not Iron Overload

Before the introduction of ESA
therapy in anemia of chronic renal
failure, iron overload was common
due to the need for frequent RBC
transfusions. Blood transfusions in
patients on hemodialysis with ane-
mia delivered up to 6 g of parenter-
al iron per year. In addition, in the
absence of ESA-stimulated erythro-
poiesis, tissue iron could not be
mobilized. Serum ferritin in these
patients often ranged from 2000 to
greater than 5000 ng/mL. By con-
trast, current anemia treatment regi-
mens deliver less than 3 g of iron
annually, and KDOQI recommen-
dations suggest using clinical judg-

ment when administering IV iron at
serum ferritin levels greater than
500 ng/mL (Nissenson & Charytan,
2003; NKF, 2006).

With the advent of ESA therapy
and the reduced need for transfu-
sions, the risk of iron overload in
patients undergoing hemodialysis
receiving IV iron has been virtually
eliminated (Eschbach & Adamson,
1999). Many studies have shown
that serum ferritin levels rapidly
decrease with the use of ESA thera-
py, which mobilizes storage iron for
incorporation into newly synthe-
sized Hb (Eschbach, Egrie,
Downing, Browne, & Adamson,
1987; Eschbach et al., 1989; Sunder-
Plassmann & Hörl, 1995). Further
depletion of iron stores occurs from
ongoing dialysis-related blood loss-
es, thereby reducing serum ferritin
levels to a greater extent (KDOQI,
2001). This is illustrated in a study of
patients on hemodialysis with mean
serum ferritin of 1073 ng/mL. After
3 years of being treated with ESA
therapy, all patients had normal or
low serum ferritin levels and the
majority required supplemental iron
therapy (Eschbach, Haley, Egrie, &
Adamson, 1992). It is obvious that in
the post-ESA era, the clinician’s pri-
mary focus in IV iron management
should not be iron overload, but
rather iron deficiency.

Patient Management Strategies
to Maximize IV Iron Efficacy

The following strategies will help
nephrology nurses to optimize IV
iron treatment and better interpret
serum ferritin levels to more effec-
tively care for their patients.

Simple Steps to Managing
Excess Iron

The use of IV iron to replace
ongoing iron losses in patients on
hemodialysis and maximize iron
stores should not pose a concern in
terms of iron excess as long as the
patient’s iron status is routinely
monitored (Eschbach & Adamson,
1999). Particular attention should be
given to monitoring iron status in

those patients who have a continued
need for RBC transfusions, are
unable to tolerate ESA therapy, and
are at genetic risk of hemochro-
matosis.

Although iron overload was
unavoidable and essentially perma-
nent in the pre-ESA era, now it can
be viewed as a signal to the nephrol-
ogy nurse that the patient’s iron lev-
els need to be decreased (Agarwal,
2006). Reduction of iron levels is a
relatively uncomplicated process
and includes the temporary with-
holding of IV iron therapy or reduc-
ing the dosage to a level that pro-
vides sufficient iron for erythro-
poiesis while minimizing any risks.
In addition, careful adherence to
KDOQI recommendations for IV
iron management will reduce any
potential risks of iron overload.
Another strategy to manage iron
overload is phlebotomy, although it
is rarely necessary because patients
on hemodialysis experience ongoing
blood (and iron) losses (Besarab et
al., 1999).

Perhaps the most important con-
sideration is that relying solely on
the serum ferritin marker takes the
primary focus away from manage-
ment of anemia and the patient’s
overall clinical condition. Although
iron status is determined by TSAT
and serum ferritin, treatment deci-
sions should include other factors,
such as Hb levels, ESA responsive-
ness, and clinical assessment of the
patient.

Finally, clinicians should weigh
the risk of temporarily elevated iron
levels against the risk of iron defi-
ciency. Given the continuing blood
losses experienced by the patient as
a result of the hemodialysis proce-
dure, the nephrologist can be confi-
dent that body iron levels will
decline whenever IV iron therapy is
withheld. The relative ease of lower-
ing an elevated serum ferritin must
be weighed against the risk of
returning a patient to an iron-defi-
cient state should IV iron therapy be
discontinued.

The Challenges of Using Serum Ferritin to Guide IV Iron Treatment Practices in Patients on Hemodialysis With Anemia
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How to Treat Patients with
High Serum Ferritin and Low
TSAT

The influence of inflammation on
iron measures is clearly seen through
the phenomenon known as RE
blockade, a condition that resembles
the state of functional iron deficien-
cy. A common clinical problem is
being able to distinguish between
functional iron deficiency and RE
blockade because both conditions
can be characterized by TSAT less
than 20% and elevated serum ferritin
levels (NKF, 2001). If it is unclear
which of these conditions exist, and
an active bacterial infection has been
ruled out, a course of IV iron thera-
py (typically 500 to 1000 mg) can be
administered to determine if iron
can be transferred to the bone mar-
row for RBC development. If func-
tional iron deficiency is present, the
patient will respond to IV iron with
an increase in Hb or decrease in
ESA dose. If the patient has suffi-
cient erythropoietin present and the
only problem was an inadequate
iron supply, loading with IV iron
will result in a timely erythropoietic
response. IV iron responsiveness can
be assessed at 4 to 6 weeks by an
increase in Hb and reticulocyte
count.

If the patient does not respond to
IV iron with an increase in Hb or
decrease in ESA dose, then inflam-
mation (causing the RE blockade) is
probably present and iron therapy
should be withheld until the underly-
ing blockade is relieved and/or
inflammatory condition is resolved.

Even if TSAT and serum ferritin
measures show iron status to be ade-
quate, circulating iron often is defi-
cient, making it challenging to treat
the patient. This is because transfer-
rin, an iron-transport protein that
moves iron from the storage site to
the bone marrow where it is needed
for the synthesis of new RBCs, is
often decreased in patients on dialy-
sis. ESA therapy and decreased
transferrin can cause functional iron
deficiency, which may ultimately
lead to absolute iron deficiency
(Fishbane, Mittal, & Maesaka, 1999).

Despite their wide application, the
serum ferritin and TSAT markers
frequently fail to detect functional
iron deficiency (Besarab et al., 1999).

Process for Interpreting
Elevated Serum Ferritin
Levels

Because serum ferritin test results
can be misleading at higher levels, it
is not surprising that the KDOQI
recommendations suggest drawing
upon additional sources of informa-
tion when serum ferritin is greater
than 500 ng/mL to guide IV iron
treatment decisions. As a result, it is
incumbent that nephrology nurses
know how to interpret high serum
ferritin levels and examine the
patient for conditions (beyond iron)
that may be the true cause for the
increase.

Following a logical systematic
process for determining the cause of
a high serum ferritin level, rather
than assuming the patient does not
need iron, is part of an effective ane-
mia management program (see
Table 5). When laboratory test
results indicate excess iron levels,

one practical approach is to review
the patient’s history and perform a
physical examination to assess for
malnutrition, an active infection, or a
recent event (e.g. surgery) that may
have increased the risk of inflamma-
tion (Coyne, 2006). Infectious and
inflammatory states can occur with a
wide variety of common disorders
and can even result from the effects
of maintenance dialysis (e.g., expo-
sure to a foreign body during dialysis
and endotoxin transfer from the
dialysate) (see Table 6) (Bistrian &
Khaodhiar, 1999). Identifying infec-
tious states may require a more in-
depth investigation, as some may be
minor, occult, and misleadingly
insignificant (Nissenson & Charytan,
2003). In fact, occult infection of old
nonfunctioning arteriovenous grafts
is a common cause of erythropoietin
resistance and a chronic inflammato-
ry state among patients on hemodial-
ysis.

Several biochemical markers are
frequently used in patients with
ESRD to assess the presence and/or
degree of inflammation. These
include positive acute-phase pro-

Table 5
Clinical Interpretation of Serum Ferritin

When patients with anemia have elevated serum ferritin:

• Rule out non ron-related reasons for serum ferritin elevation

• Determine date and dose of most recent IV iron administration

• Assess for chronic serum ferritin elevation

• Assess for time of last draw of serum ferritin

Infection Inflammation

Access site Dialysis

Urinary tract infection Diabetes skin ulcer

Wound Arthritis

Abscessed teeth Cellulitis

Pneumonia Surgery

Hepatitis B and C Gout

Table 6
Infectious and Inflammatory States That May Lead to 

Elevated Serum Ferritin
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teins, such as serum ferritin and CRP
(both increase in inflammatory
states), and negative acute-phase
proteins, such as serum albumin and
serum transferrin (both decrease in
inflammatory states). CRP levels in
patients undergoing hemodialysis
are normally 10 to 20 mg/L, and a
value greater than 20 mg/L usually
indicates an inflammatory state
(Barany et al., 1997; Nassar,
Fishbane, & Ayus, 2002; Qureshi et
al., 1998).

Another recommended practice
when managing patients with an ele-
vated serum ferritin is to assess the
date and dose of the most recent IV
iron administration. This is an
important step because a patient
may have received iron at an unex-
pected time (e.g., during a hospital
stay) and, therefore, it would explain
the increased serum ferritin level.

In addition, iron treatment deci-
sions should be based on serial labo-
ratory results rather than a single set
of findings (Coyne, 2006). Before
deciding to withhold iron, the
nephrology nurse should compare
current laboratory results with previ-
ous and subsequent values to deter-
mine a trend of chronic elevated lev-
els. Some patients may maintain a
chronically high serum ferritin, but if
they are experiencing an adequate
response to ESA therapy, there is
probably no need to be alarmed.
When interpreting laboratory trends,
remember that a slow increase in
serum ferritin may be due to accu-
mulation of iron over time or slow
progression of disease. An abrupt
increase in serum ferritin may result
from infection, exacerbation of
underlying inflammatory condition,
recent transfusions, and laboratory
error or inappropriate time of labo-
ratory draw.

Using other indices can add to a
nurse’s ability to accurately deter-
mine a patient’s iron status. In
patients with no evidence of an
active inflammatory process after a
thorough investigation, measure-
ment of CHr may be useful when
making treatment-related decisions
(Nissenson & Charytan, 2003). CHr

is a “real time” assessment of iron
status (i.e., iron immediately avail-
able for incorporation into reticulo-
cytes). KDOQI recommends a CHr
greater than 29 pg.

To avoid putting the patient at
risk of iron deficiency due to inap-
propriate withholding of IV iron
therapy, clinicians should consider
the role of non-iron-related factors
when serum ferritin testing suggests
replete iron stores while TSAT test-
ing suggests inadequate iron avail-
ability (NKF, 2001).

Conclusions
Although our understanding of

IV iron and anemia treatment has
progressed over the past decade,
gaps in our current knowledge high-
light the need for additional research
regarding the assessment of iron
stores and the use of iron agents (e.g.,
additional data on the safety and effi-
cacy of iron therapy in patients with
higher serum ferritin levels [greater
than 500 ng/mL]).

One issue for certain is that con-
centrating solely on the serum fer-
ritin level to determine whether iron
therapy should be withheld takes the
primary focus away from the man-
agement of anemia and the patient’s
overall clinical condition. Although
iron status is determined by serum
ferritin and TSAT, treatment deci-
sions should be made by examining
the whole patient, including factors
such as Hb levels, individual clinical
assessment (including fatigue, breath-
ing difficulties, weakness, skin col-
oration, and patient reports that may
indicate symptoms of anemia), and
ESA responsiveness. Considering
that approximately 20% of patients
on hemodialysis typically fall outside
treatment guidelines for IV iron ther-
apy, it is critical to manage the
patient, not the numbers.

The effects of inflammation and
malnutrition on the serum ferritin
marker demonstrate the challenges
of using this measure to determine
appropriate iron management. As
patient advocates, as well as health
care providers, nephrology nurses

must develop a system to evaluate
patients with high serum ferritin lev-
els that limits indiscriminate use of
IV iron yet ensures that these high-
risk patients are treated, when appro-
priate, with adequate IV iron for
effective erythropoiesis.
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The Challenges of Using Serum Ferritin to Guide IV Iron Treatment
Practices in Patients on Hemodialysis With Anemia
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Posttest — 1.4 Contact Hours 

Posttest Questions 
(See posttest instructions on the answer form, on page 553.)

1. Which statement best describes
the serum ferritin marker?

A. Serum ferritin results from leak-
age of tissue ferritin and contains
little or no iron.

B. Serum ferritin measures the
amount of circulating iron avail-
able for erythropoiesis.

C. Serum ferritin is an exact mea-
sure of iron stores.

D. Serum ferritin is not affected by
inflammation.

2. According to the KDOQI recom-
mendations, how often should
iron status testing be performed?

A. Every week during initial ESA
treatment

B. At least once every 3 months dur-
ing initial ESA treatment

C. Every 2 to 3 months during 
stable ESA treatment

D. Every month during initial ESA
treatment and at least once every
3 months during stable ESA
treatment

3. According to one study (Kalantar-
Zadeh et al., 2005), serum ferritin
levels between 200 and 1200
ng/mL are associated with what
type of situation?

A. Low risk of CKD progression
B. Low risk of all-cause and 

cardiovascular death
C. High risk of cardiovascular 

disease
D. High risk of CKD progression

4. According to the study by
Kalantar-Zadeh et al. (2004),
which range of serum ferritin lev-
els strongly correlate with inflam-
mation and malnutrition?

A. Less than 100 ng/mL
B. 100 to 200 ng/mL
C. 200 to 2000 ng/mL
D. Greater than 2000 ng/mL

5. How much iron do patients on
hemodialysis typically lose in 1
year?

A. Less than 1 g
B. 1 to 3 g
C. 4 to 5 g
D. Greater than 5 g

6. Which statement about IV iron
therapy is accurate?

A. At serum ferritin levels greater
than 500 ng/mL, IV iron adminis-
tration should be based on the
evaluation of the whole patient.

B. IV iron treatment decisions
should be based solely on serum
ferritin test results.

C. IV iron therapy should not be
considered in patients with
serum ferritin greater than 500
ng/mL.

D. IV iron therapy should be given to
a patient with an active bacterial
infection.

7. What information has been
repeatedly shown in clinical stud-
ies regarding the serum ferritin
marker?

A. Serum ferritin levels less than
200 ng/mL are not an accurate
indicator of iron deficiency.

B. Serum ferritin levels of 500 ng/mL
represent iron overload.

C. Serum ferritin levels greater than
800 ng/mL are associated with
mortality.

D. Serum ferritin is a poor predictor
of IV iron responsiveness.

8. Which statement about iron over-
load is accurate?

A. Patients on hemodialysis are at
an increased risk of iron overload
in the post-ESA era.

B. With the advent of ESA therapy
and the reduced need for transfu-
sions, the risk of iron overload in
patients on hemodialysis receiv-
ing IV iron has been greatly
reduced.

C. Iron overload is common in
patients with serum ferritin
greater than 500 ng/mL.

D. Hemochromatosis, a type of iron
overload, is often seen in hemo-
dialysis patients.

9. The prevalence of inflammation
in patients on hemodialysis may
be as high as

A. 20% to 30%.
B. 40% to 60%.
C. 50% to 75%.
D. greater than 75%.

10. ESA therapy can cause ________
in patients on hemodialysis.

A. RE blockade
B. acute inflammation
C. functional iron deficiency
D. inflammatory iron blockade

The Challenges of Using Serum Ferritin to Guide IV Iron Treatment Practices in Patients on Hemodialysis With Anemia



NEPHROLOGY NURSING JOURNAL ■ September-October 2006  ■ Vol. 33, No. 5 553

Strongly Strongly
Evaluation disagree agree

1. The objectives were related to the goal. 1 2 3 4 5
2. Objectives were met

a. Discuss the 2006 KDOQI clinical practice 1 2 3 4 5
recommendations for target ranges for serum
ferritin levels and transferring saturation.

b. Describe reasons that serum ferritin is an imprecise 1 2 3 4 5
measure of iron status.

c. List resources the nurse can employ to more 1 2 3 4 5
accurately determine the patient’s iron status.

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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