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Adjusting IV Iron and EPO Doses in
Patients on Hemodialysis Prior to
Surgery: Can We Protect Our Patients
From Iron-Deficiency Anemia?

Ongoing blood loss in patients
receiving hemodialysis has
been well documented and is
a major contributor to iron

deficiency. Compounding this prob-
lem is the use of recombinant human
erythropoietin (EPO) therapy, which
can stimulate erythropoiesis to abnor-
mally high levels, thereby increasing
iron requirements in patients who
may already have inadequate iron
stores. In addition, some patients on
hemodialysis may require surgical
procedures to remedy disease-related
or other comorbidities, which
increase their risk for blood (and iron)
loss and further worsen their anemia
and health status. To manage unwant-
ed fluctuations in iron levels and red
blood cell (RBC) counts, patients on
hemodialysis are given a combination
of intravenous (IV) iron and EPO
therapy on a regular basis. However,
there are no studies to date that thor-
oughly address the issue of prophy-
lactic therapy with these agents for
postoperative anemia in this patient
population. This article explores the
use of IV iron and EPO therapy and
the potential benefit of dose adjust-
ments prior to invasive surgical pro-
cedures in patients on hemodialysis,
illustrated with an experience from

the University of Virginia Augusta
Dialysis Unit and brief patient case
studies. Patients undergoing hemo-
dialysis can often benefit from preop-
erative adjustments to their continu-
ous IV iron and EPO regimens.

Historic Perspective of Anemia
Management

Iron-deficiency anemia is com-
mon in patients with chronic kidney

disease (CKD), especially those on
hemodialysis. Before EPO therapy
became available, the only treatment
for patients with anemia due to chron-
ic renal failure (CRF) was regular
blood transfusions to maintain ade-
quate hemoglobin (Hb) levels.
However, transfusion-related prob-
lems, including concerns about iron
overload and increased risk for bacte-
rial infection, significantly compro-
mised the management and outcome
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Ongoing blood loss and iron-deficiency anemia are common problems in patients on
hemodialysis; therefore, nephrology clinicians are particularly concerned with their patients
who are scheduled for surgery. Surgery can cause significant blood and iron losses, thereby
worsening their preexisting anemia. However, patients on hemodialysis can be effectively
treated preoperatively by adjusting their continued doses of intravenous (IV) iron and recom-
binant human erythropoietin (EPO) therapy, based on expected blood and iron losses. This
valuable strategy can help improve surgical and anemia outcomes as well as decrease EPO
requirements and the need for transfusions. This article examines the use of IV iron and EPO
therapy as preventive therapy for anemia in patients on hemodialysis prior to invasive surgi-
cal procedures, illustrated with an experience from a dialysis unit and patient case studies.
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Goal
To increase the knowledge of those caring for patients on hemodialysis about
adequate dosing of iron and EPO prior to surgery.

Objectives
1. Examine the implications of anemia in patients on hemodialysis who are

scheduled for surgery.
2. Describe key strategies to improve anemia management in presurgical

patients on hemodialysis.
3. Summarize patient case studies in which IV iron and EPO doses were adjust-

ed prior to surgery in order to improve anemia outcomes.
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of these patients. Clinical trials in the
mid-to-late 1980s demonstrated that
EPO restored the packed cell vol-
ume, reduced the need for regular
blood transfusions, and improved the
overall well-being in patients requir-
ing dialysis (Ng, Marx, Littlewood, &
Macdougall, 2003). Soon after its
approval, EPO therapy was routinely
used in patients on hemodialysis.
However, many patients fail to ade-
quately respond to EPO, with iron
deficiency being cited as the most
common cause of an incomplete
response (National Kidney Foun-
dation [NKF], 2001). The use of IV
iron improves the response to EPO
and reduces the EPO dose required
for many patients (Ng et al., 2003).
Therefore, a continued IV iron regi-
men is recommended in conjunction
with EPO therapy to manage iron-
deficiency anemia (NKF, 2001).

Understanding Anemia in Your
Patients

The anemia of CRF is character-
ized by normocytic, normochromic
RBCs and an inappropriately low
reticulocyte response. The anemia is
partly explained by decreased pro-
duction of erythroid precursors and
increased destruction of erythrocytes.
However, it is caused primarily by an
insufficient production of erythropoi-
etin due to damaged kidneys (see
Table 1) (Sakiewicz & Paganini, 1998;
Shander, 2004; NKF, 2001). In addi-
tion, the normal response to hypox-
emia (increased secretion of erythro-
poietin) is partially blunted in uremic
patients. Therefore, the stimulus for
erythropoiesis is insufficient.

A decrease in erythropoiesis usu-
ally begins when the glomerular fil-
tration rate (GFR) reaches 20 to 30
mL/min/1.73m2 (Sakiewicz &
Paganini, 1998). Anemia may be
present in patients with only mildly
impaired renal function, suggesting it
may develop early in the course of
CKD (Locatelli et al., 2004). Anemia
can develop slowly (from weeks to
months) in patients with renal dis-
ease from RBC underproduction or
rapidly (from days to weeks) from

bleeding or hemolysis (Drews,
2003).

The anemia of CRF is associated
with major alterations in internal
iron kinetics and iron balance (Cook
& Eschbach, 1975). As anemia in
CKD worsens, iron normally con-
tained in circulating RBCs becomes
sequestered in reticuloendothelial
(RE) cells and iron stores increase.
However, by the time dialysis is
needed, up to one-third of patients
may be iron deficient, possibly due
to previous excessive blood losses.
Further compounding this problem,
patients can lose up to 3 grams of
iron annually from blood lost
through the hemodialysis procedure
itself.

Because patients with CRF and
those on hemodialysis often have
some degree of iron-deficiency anemia,
clinicians are particularly concerned
with those patients who are scheduled
for surgery. Surgery can cause signifi-
cant blood losses, further worsening
their preexisting anemia and resulting
in postoperative sequelae.

Postoperative Sequelae Due to
Anemia

Postoperative anemia leads to
decreased exercise capacity, fatigue,

dizziness, disorientation, digestive dis-
turbances, loss of appetite, slower
recovery from surgery, increased
length of hospital stay, and delayed
postoperative recovery (Karkouti et
al., 2006).

Lower Hb levels (pre- and post-
operatively) in patients can increase
the risk for transfusion and subse-
quent transfusion-related morbidity
and mortality. Preoperative Hb lev-
els (less than 8 g/dL) are inversely
related to operative mortality
(Dunne, Malone, Tracy, Gannon, &
Napolitano, 2002). In a case-control
study of 125 surgical patients who
declined blood transfusions for reli-
gious reasons, operative mortality
was inversely related to the preoper-
ative Hb level and amount of blood
loss (Carson, Poses, Spence, &
Bonavita, 1988). Operative mortality
increased from 7.1% for patients with
Hb levels greater than 10 g/dL to
61.5% for those with Hb levels less
than 6 g/dL and from 8% for patients
with blood loss less than 500 mL to
42.9% for those with blood loss
greater than 2000 mL.

In addition, perioperative anemia
is an independent risk factor for
infection and mortality in surgery. In
a study of 6301 noncardiac surgery
patients, 92% of all infections

Source: National Kidney Foundation, 2001.

Table 1
Factors Contributing to Anemia in Patients With CKD

• Decreased erythropoietin production due to damaged kidneys

• Shortened RBC survival

• Iron deficiency

• Blood loss from repeated laboratory testing, needle punctures

• Blood retention in dialyzer and tubing

• Gastrointestinal bleeding

• Acute and chronic inflammatory conditions

• Aluminum toxicity

• Folate deficiency

• Hypothyroidism

• Severe hyperparathyroidism

• Hemoglobinopathies
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occurred in patients with anemia.
Anemic patients also received 5
times more blood than nonanemic
patients. Low perioperative hemat-
ocrit (Hct) levels and use of blood
transfusion were significant indepen-
dent predictors of mortality, postop-
erative pneumonia, and length of
hospital stay (Dunne et al., 2002).

Patients on hemodialysis fre-
quently have underlying cardiovas-
cular disease (CVD) and anemia.
Anemia is a risk factor for cardiovas-
cular complications in those under-
going surgery (National Anemia
Action Council [NAAC], 2002).
Regardless of whether it is a result of
a preexisting condition or surgical
blood loss, anemia worsens out-
comes in patients with coronary
artery disease (CAD) who undergo
cardiac surgery (Nappi, 2003).

Given the risk of morbidity and
mortality from preoperative anemia,
protocols for identification and cor-
rection of anemia, including the
evaluation of iron status, should be
established before surgery (Dunne et
al., 2002). Research on this topic is
crucial, but severely lacking, in CKD
and hemodialysis populations.

Current Patient Management
Practices

Implementing pre-, intra-, and
postoperative management strategies
can reduce blood loss and anemia.
During surgery, skillful surgical tech-
niques combined with blood-saving
procedures and careful management
of coagulation help reduce unneces-
sary blood loss. Proper positioning,
meticulous hemostasis, control of
blood pressure, judicious fluid
replacement, maintenance of nor-
mothermia, and correction of clotting
factor deficiencies all decrease the
risk of anemia during surgery (Mahdy
& Webster, 2004).

Allogeneic blood transfusion has
been the most common strategy to
treat blood loss and anemia.
However, because blood transfusion
is a risk factor for mortality, infection,
and an inflammatory reaction, cur-
rent practice is to make every effort to

avoid transfusion by utilizing other
techniques. These include restricting
transfusion to patients with a Hb less
than 7 g/dL or only to patients with
anemia-associated clinical sequelae
postsurgery; presurgical autologous
blood donation; hemodilution during
surgery (Karkouti et al., 2006); reinfu-
sion of salvaged blood; and main-
taining the patient in a hypotensive
state during surgery (Lofthouse,
Boitano, Davis, & Jinnah, 2000).
However, these techniques are often
not practical and may be contraindi-
cated in elderly patients because of
comorbid illness. Therefore, preoper-
ative treatment with EPO and IV
iron is an effective alternative to man-
age perioperative anemia (Lofthouse
et al., 2000).

Improving Anemia Management
in Presurgical Patients on
Hemodialysis

Increased Hb levels usually trans-
late into clinical benefits. Clinical trials
in end stage renal disease (ESRD),
orthopedic surgery, and patients under-
going cancer-chemotherapy consistent-
ly show measurable improvement in
fatigue, exercise capacity, muscle
strength, performance of activities of
daily living, and cardiac and cognitive
function as anemia is corrected
(Carson, Terrin, & Jay, 2003).
Therefore, it is important to have
effective preoperative anemia man-
agement strategies and protocols to
correct anemia in patients on
hemodialysis undergoing surgical pro-
cedures, including adjusting doses of
continuous IV iron and EPO therapy
in anticipation of blood and iron loss.

Preventive IV Iron and EPO
Therapy

From 1991 to 2002, as the routine
use of EPO among patients on
hemodialysis became common, the
mean Hb among these patients
increased from 9.5 to 11.7 g/dL.
Currently an estimated 95% of
patients undergoing hemodialysis
receive treatment for anemia
(Robinson et al., 2005). Because rou-
tine administration of EPO without

IV iron can lead to iron-deficiency
anemia, national guidelines have
been published recommending the
use of IV iron on a regular basis in
patients with CKD and on hemodial-
ysis to help achieve and maintain tar-
get Hb levels (NKF, 2001).

Most clinical trials demonstrating
a benefit from EPO and IV iron in
surgical patients exclude patients
with renal failure because of their
well-known preexisting anemia.
Therefore, information on presurgi-
cal prophylaxis with EPO and IV
iron needs to be considered from
studies in non-renal failure patients.

In normal healthy surgical
patients, administration of IV iron
generally accelerates the level of Hb
recovery and reduces the need for
transfusion after surgery (Cuenca et
al., 2005). In a study by Cuenca et
al., patients older than 65 years of
age undergoing hip fracture surgery
received 100 mg of IV iron upon
admission and just before surgery
and another 100-mg dose between
admission and surgery if the Hb
level was less than 12 g/dL. The
group receiving IV iron whose
admission Hb level was greater than
12 g/dL had lower transfusion rates,
30-day mortality, and infection rates
and shorter-length hospital stays.
This study suggests that IV iron is an
effective alternative to reduce allo-
genic blood transfusion require-
ments. Allogenic blood transfusion is
not a risk-free therapy and is associ-
ated with concerns about possible
adverse events in surgical patients,
especially increased risk of bacterial
infection.

Anticipating Blood and Iron
Loss

One key strategy to minimize
postoperative anemia is to anticipate
the patient’s iron needs prior to
surgery in order to provide appropri-
ate prophylactic measures, such as IV
iron supplementation. Many factors
can lead to an iron imbalance in
patients on hemodialysis, even before
they are admitted to the hospital for
surgery (see Figure 1). For example,
these patients experience significant
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ongoing blood loss from repeated lab-
oratory testing, needle punctures,
blood retention in the dialyzer and
tubing, bleeding postdialysis, and fre-
quent access surgery, resulting in iron
losses of up to 3 g per year (Eschbach,
2005; NKF, 2001). These patients
also have decreased iron absorption
due to reduced dietary intake and the
use of medications that interfere with
iron absorption, such as phosphate
binders to treat secondary hyper-
parathyroidism. In fact, iron absorp-
tion in patients who are iron-deficient
and on hemodialysis may be up to
44% less efficient than in iron-defi-
cient patients who are healthy
(Chang, Chang, & Chiang, 2002).
Furthermore, the presence of inflam-
mation, malnutrition, and chronic dis-
ease can decrease transferrin synthe-
sis (i.e., the iron transport protein that
carries iron from the RE system to the
bone marrow). Finally, EPO therapy
stimulates a supraphysiological pro-
duction of RBCs that, in turn, increas-
es iron utilization and leads to func-
tional iron deficiency. Functional iron
deficiency occurs when the need for
an increase in iron to support Hb syn-
thesis is greater than the amount that
can be released from iron stores
(NKF, 2001).

These conditions can result in a
compromised supply of iron: while
demand for iron is increased (driven
by EPO), iron storage is low and
transport is delayed (Fishbane, Mittal,
& Maesaka, 1999). Nephrology nurses
need to consider this altered state of
iron balance when managing anemia
prior to surgery in patients on
hemodialysis and to calculate iron
replacement therapy based on indi-
vidual patient needs.

Proactive iron dosing is especially
warranted in presurgical patients
because surgery is followed by a sys-
temic inflammatory response, which
can impact iron balance and lead to
anemia. An inflammatory state can
inhibit erythropoiesis by suppressing
erythropoietin production and
inducing a state of functional iron
deficiency, in which available iron is
diminished (Cuenca et al., 2005).
Biesma Van de Wiel, Beguin,
Kraaigenhagen, and Marx (1995)
investigated postoperative anemia in
48 elderly patients after total hip
replacement surgery and demon-
strated the inflammatory effects of
surgery on iron metabolism. In this
study, Hb levels fell from preopera-
tive levels of 14 to 11.1 g/dL on post-
operative day 1, and there was a pro-

nounced increase in measures of
inflammation (interleukin-6 and C-
reactive protein) following surgery.
The authors concluded that the
inflammatory state induced a
marked effect on iron metabolism, in
which postoperative serum ferritin
levels increased and serum iron,
transferrin, and transferrin saturation
(TSAT) levels decreased significant-
ly. They also postulated that the
inflammatory response might
explain the persistence of anemia
after surgery.

Another strategy to better man-
age anemia prior to surgery is for
clinicians to be familiar with those
patients who are at a high risk for
postoperative anemia. The risk pro-
file for postoperative anemia is mul-
tifactorial, depending on the type of
surgery and patient factors (see Table
2). Blood loss during surgery is a
major cause of postoperative ane-
mia. Surgical technique, the type of
operation, longer operative times,
and techniques used to minimize
blood loss are important predictors
of anemia (Cuenca et al., 2005;
NAAC, 2002). For example, patients
undergoing surgery for colon cancer
have a much greater risk of bleeding
than those undergoing hip fracture
surgery (NAAC, 2002).

Patient factors such as older age,
female gender, and small body size
may contribute to postoperative ane-
mia (NAAC, 2002). Preoperative Hb
levels (less than 9 g/dL) are also
independent predictors of anemia and
transfusion requirement (Cuenca et
al., 2005). In addition, underlying
health status is an important predic-
tor of anemia because preexisting
conditions affect Hb levels. For
example, the presence of CVD is a
special consideration because it is
common in patients with renal dis-
ease and contributes to anemia. In a
study of perioperative anemia by
Dunne et al. (2002), patients with
CAD had higher preoperative ane-
mia rates (74%) compared with those
without CAD (33%). The presence of
CVD in patients with a low Hb
increases the risk of postoperative
mortality to a greater degree than in

Figure 1
Iron Cycle Is Altered in Patients on Hemodialysis
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those without CVD (NAAC, 2002).
With regard to all of these risk

factors, optimizing the patient’s iron
status before surgery is essential,
especially if the patient has preexist-
ing conditions that may worsen his
or her anemia.

Adjusting IV Iron and EPO
Doses to Manage Perioperative
Anemia: Experiences From the
University of Virginia Augusta
Dialysis Unit

Currently there are no studies that
examine the effects of adjusting the
dose of IV iron and EPO on out-
comes in patients on hemodialysis
who undergo surgery. However, stud-
ies have shown that IV iron therapy is
an efficient means to help improve
Hb levels in this population (Chang et
al., 2002). Given this fact and the
effectiveness of IV iron and EPO in
surgical patients without kidney dis-
ease and the poorer outcomes in
patients with anemia, it is reasonable
to assume that optimizing IV iron and
EPO doses preoperatively would
improve outcomes.

Adjusting continuous IV iron and
EPO doses prior to surgery for
patients on hemodialysis is a nursing
clinical practice that is followed at
the University of Virginia Augusta
Dialysis Unit. Our unit recognized
the value of a preoperative dose

adjustment program because we
were seeing patients discharged from
the hospital with Hb levels as low as
7 g/dL who required transfusions in
the dialysis facility, as well as
patients with TSAT levels below
15%. In all of our population of
patients on hemodialysis, the goal is
to achieve and maintain a Hb level
between 11 and 12 g/dL, a TSAT
level between 20% to 30%, and a
serum ferritin level between 100 to
800 ng/mL. In our presurgery
patients, our goal is to achieve and
maintain an Hb level between 12
and 13 g/dL and a TSAT level
greater than 30%. We do not consid-
er serum ferritin levels when making
dose adjustments to EPO and/or IV
iron prior to surgery because of the
many factors that can negatively
affect the value, such as inflamma-
tion, infection, and arthritic flares.

The first step in our dose adjust-
ment program is to assess the
patient’s Hb, TSAT, and serum fer-
ritin levels as soon as we are notified
of a patient’s upcoming surgery. A
low level of any of these markers
may indicate the need for supple-
mental IV iron to support erythro-
poiesis. Although TSAT (measure of
readily available iron for erythro-
poiesis) and serum ferritin (an indi-
cator of total body iron stores) are
the currently recommended tests for

Source: National Anemia Action Council, 2002.

Table 2
Risk Factors for Postoperative Anemia

Factors associated with surgery
• Blood loss during surgery
• Type of surgery
• Longer operative times
• Techniques utilized to minimize blood loss
• Inflammatory response
• Iatrogenic hemodilution

Factors associated with the patient
• Older age
• Female gender
• Small body size
• Underlying health status
• Preoperative hemoglobin levels
• Immunosuppressive treatment pre- or postoperatively

diagnosing iron deficiency, these
markers have some disadvantages.
Both are indirect measures of iron
status, and studies have shown that
serum ferritin may be falsely elevat-
ed in the presence of inflammation
and malnutrition (Kalantar-Zadeh,
Rodriguez, & Humphreys, 2004).

Next, we review current lab val-
ues in conjunction with the patient’s
lab trends. When reviewing current
and past lab results, it is important to
think about the patient with those
results (e.g., medical history and
prior responses to therapy) and iden-
tify all possible causes of compro-
mised RBC production (see Table 3).
In addition, we calculate anticipated
blood loss resulting from the surgery
in order to avoid transfusions.
Typical blood loss for a specific
surgery can be estimated through a
search of the literature and clinical
experience. For example, blood loss
for joint or knee surgery has been esti-
mated to be between 750 to 1500 mL.
Cardiac surgery, such as coronary
artery bypass graft (CABG) has an
expected blood loss of 800 to 1600
mL. Access surgery or other interven-
tions can be between 150 to 500 mL
(Cable et al., 2002; Donahue, Gailani,
Higgins, Drinkwater, & George 2003;
Furuya, Oda, Tachiki, & Miyao, 2003;
Huddleston, 2005; Kalairajah Simp-
son, Cossey, Verrall, & Spriggins

• Review most recent Hb, TSAT,
and serum ferritin 

• Examine labs from the past 3
months to 1 year to assess over-
all trends

• Analyze IV iron and EPO dosing
changes that coordinate with
notable lab changes

• If trending is inconclusive, review
other lab indices and patient-
specific conditions

Table 3
Anemia Lab Trending

Methodology:
Practical Techniques
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preoperatively in patients with
ESRD because oral iron supplemen-
tation is often not sufficient to meet
iron needs in this population. In
addition, poor absorption, poor
patient tolerance leading to nonad-
herence, and gastrointestinal irrita-
tion limit the usefulness of oral iron
(Nissenson & Charytan, 2003).

Inpatient labs are performed on
postoperative day 1, but no dose
adjustments are made at this time.
Adjustments are based on postopera-
tive labs drawn the Monday or
Tuesday after discharge from the
hospital. The patient’s Hb level is
used to determine the appropriate
EPO dose and TSAT levels are used
to determine the appropriate IV iron
dose.

Because all our patients are
undergoing hemodialysis, we can
expect a worsening of anemia post-
operatively if we do not optimize
their iron status before surgery.
When IV iron and EPO doses are
increased prophylactically, based on
anticipated blood loss, the patient’s
Hb, TSAT, and serum ferritin levels
usually take about 1 month for nor-
malization and return to baseline. In
addition, our strategy decreases the
use of transfusion as well as the dose
of EPO.

Because the usual finding of pre-
operative anemia in patients on
hemodialysis can complicate surgery,
we consider the practice of dose
adjustments prior to surgery to be a
valuable strategy to improve surgical
outcomes in these patients with iron-
deficiency anemia.

Case Studies of Patients on
Hemodialysis Undergoing
Surgery

The following are patient cases in
which IV iron and EPO doses were
adjusted prior to surgery in anticipa-
tion of blood loss.

Patient A is a 73-year-old man
admitted for revision of a malfunc-
tioning arteriovenous fistula. He has
a history of diabetes mellitus and
hypertension. Three weeks prior to
surgery, his IV iron dose was
increased from 62.5 to 125 mg week-

2005; Popovsky, Audet, &
Andrzejewski, 1996).

Our next priority is to develop an
individualized IV iron and EPO
dose adjustment plan based on the
patient’s lab values and expected
blood loss. EPO doses may be
increased up to 50% based on the
patient’s past responses to EPO ther-
apy. For example, some patients
respond quickly to a 25% increase in
EPO. In general, if the Hb level is 11
to 11.5 g/dL, most patients may get a
50% increase in the EPO dose if
their dose had been below 5000
units. If the Hb level is 11.5 to 12
g/dL, most patients will usually
receive a 25% increase in EPO.
When the Hb level is above 12 g/dL
prior to surgery, consideration of
dose increase depends on the EPO
dose the patient had been receiving.
EPO dose increases are avoided if it
is contraindicated in the patient due
to an already high Hb level.

Adjustments to the IV iron doses
to maximize the patient’s iron status
may be beneficial and improve out-
comes after surgery. Currently our
goal for either starting IV iron thera-
py or increasing the IV iron dose is
to reach a TSAT level of 30% to 40%
prior to surgery. Typically, if the
patient is on a continued IV iron reg-
imen, the dose adjustment would be
the administration of a larger dose. If
the patient is not on IV iron, the
dose adjustment would be to initiate
a continued dosage regimen, in
which doses can range from 25 to
125 mg/week. Judgments made con-
cerning EPO and IV iron therapy
are made by our clinical staff who
have experience managing anemia
and knowledge of each patient’s
trends.

Ideally, prophylactic therapy is
started a few months before surgery,
but it is usually not possible to know
the surgery dates that far in advance.
The preoperative regimen for
administering EPO plus IV iron usu-
ally consists of subcutaneous injec-
tions of EPO at weeks 3, 2, and 1
before surgery, and on the day of
surgery (Feagan et al., 2000).
Typically, IV iron is administered

ly. EPO was maintained at 4000
units weekly. No adjustment was
made due to expected minimal
blood loss. Presurgical lab results
were Hb 13.3 g/dL (normal elderly
male 12.4 to 14.9 g/dL), TSAT
16.1%, and iron 40 µg/dL.
Postsurgical lab results were Hb 11.3
g/dL, TSAT 19%, and iron 48 µg/dL.
No postoperative EPO adjustment
was made and no transfusion was
needed. One month after discharge,
Hb was 11.7 g/dL and TSAT was
20.2%. IV iron and EPO dosages
have been maintained at 125 mg and
4000 units weekly, respectively, dur-
ing the past 6 months because the
patient continued to have minor
surgeries and infections. On these
doses, labs have remained stable
each month and no further adjust-
ments have been needed.

Patient B is a 64-year-old
woman admitted for removal of a
clot in her hemodialysis access graft.
Her continuous IV iron dose was 25
mg weekly. In each of the 3 weeks
before surgery, she was given EPO
1000 units twice weekly and IV iron
62.5 mg weekly. Presurgical lab
results showed Hb 12.2 g/dL, TSAT
35.1%, and iron 64 µg/dL.
Postsurgical lab results showed Hb
9.7 g/dL, TSAT 24.9%, and iron 48
µg/dL. No transfusion was needed
postoperatively. One week post-
surgery, EPO was increased to 3000
units every treatment because of the
postoperative decrease in Hb. No IV
iron adjustment was made. Within 1
month after discharge, all labs were
within normal limits and were stable
at 3 months. The patient returned to
her presurgery continuous IV iron
dose of 25 mg weekly. EPO has been
maintained at 3000 units every treat-
ment.

Patient C is an 80-year-old man
admitted for hip replacement
surgery. Three weeks before surgery,
his EPO was increased from 3000 to
6000 units every treatment and IV
iron from 25 mg weekly to 62.5 mg
weekly. Presurgical lab results
showed Hb 12 g/dL, TSAT 24%, and
iron 51 g/dL. The patient required
no transfusions during hospitaliza-
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for patients with CKD or undergoing
hemodialysis preparing for surgery.

Fluid overload and pulmonary
congestion related to cardiopul-
monary bypass, anemia, and a
bleeding tendency in patients on
hemodialysis are concerns for most
surgeons (Kan & Yang, 2004). Pre-
and postoperative management of
these conditions and the choice of
surgical procedure and techniques to
avoid transfusions have important
implications for patients with CRF
undergoing CABG surgery (Erentug
et al., 2004). Because patients on
hemodialysis who have undergone
“on-pump” CABG have a greater
risk of bleeding complications, off-
pump CABG has been shown to be
a suitable alternative.

Finally, hip and knee replace-
ment surgery are prevalent in the
older population and are also a con-
cern in patients on hemodialysis.
Older patients who have been on
long-term hemodialysis have higher
rates of bone and joint disease (Sano
et al., 2004). A small Japanese study
showed that patients who were on
hemodialysis longest (greater than 13
years) had higher postoperative mor-
tality (not necessarily related to
surgery) and the greatest blood loss
in hip fracture surgery (Sano et al.,
2004). Bleeding, infections, and vul-
nerability of bone are prognostic fac-
tors for postoperative sepsis and
infection. In patients who are dia-
lyzed, bone union is delayed, con-
tributing to postoperative morbidity.
Because anemia itself contributes to
the risk of infection, patients on
hemodialysis undergoing orthopedic
surgery may have a greater risk for
complications.

Conclusions
Patients undergoing hemodialysis

who are candidates for surgery can be
successfully treated preoperatively
with dose adjustments, based on
expected blood loss, to their contin-
ued IV iron and EPO regimens. In
order to estimate a patient’s iron
needs, nephrology nurses need to
remember all the iron losses that can

tion. One week after surgery, lab
results showed Hb 9.2 g/dL, TSAT
29.6%, and iron 61 g/dL. EPO was
increased to 9000 units every treat-
ment. Within 1 month postoperative-
ly, all labs were within normal limits.
The IV iron dose was maintained at
62.5 mg weekly, but the EPO dose
was decreased 2 months postsurgery
to maintenance dose of 3000 units.
Five months after surgery, the IV
iron maintenance dose was
decreased to 25 mg weekly. Lab
results have remained stable.

Common Surgical Procedures:
Special Concerns for Patients on
Hemodialysis

CABG and orthopedic surgery
warrant special mention because they
are particularly important concerns in
patients on hemodialysis. With
advances in technology, these patients
are surviving longer, which increases
their risk for CAD and cardiac events.
CAD has traditionally been treated
conservatively in this population.
However, cardiac surgical techniques
are constantly being improved and
patients on dialysis for ESRD are
undergoing cardiac surgery with
increasing frequency (Powell et al.,
2004). Therefore, further research is
warranted on prophylactic regimens
to improve iron status.

Winkelmayer, Levin, and Avorn
(2003) investigated the relationship
between glomerular filtration rate
and the likelihood of postoperative
bleeding in patients undergoing
CABG who were not on mainte-
nance dialysis. Lower GFR was asso-
ciated with a greater likelihood of
postoperative bleeding (patients
administered 3 or more units of
blood products). The likelihood of
postoperative bleeding increased as
GFR decreased. In univariate analy-
sis, patients with a GFR less than 40
mL/min/1.73m2 or less were 5 times
more likely to have postoperative
bleeding compared with those with a
GFR greater than 100 mL/min/
1.73m2. This increased bleeding ten-
dency in normal patients with
decreasing GFRs has implications

occur in those undergoing hemodial-
ysis and assess each patient individu-
ally. This may be a valuable strategy
to improve surgical outcomes for
patients with iron-deficiency anemia
who are receiving hemodialysis. In
addition, this strategy can decrease
the use of transfusion as well as the
EPO dose.
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