REVIEW

The role of intravenous iron in anemia management and
transfusion avoidance

Michael Auerbach, Lawrence Tim Goodnough, Dan Picard, and Alice Maniatis

arenteral iron preparations available in the past

were associated with a risk of anaphylaxis and

death, which made physicians reluctant to use

them. The formulation most frequently respon-
sible for these serious adverse events is high-molecular-
weight iron dextran (HMW ID). The availability, first in
Europe and more recently in the USA, of three other
preparations (low-molecular-weight [LMW] ID, iron
sucrose, and ferric gluconate), with a much better safety
profile, is changing the pattern of use, thus prompting this
review of paradigms of anemia correction by intravenous
(IV) iron administration, with an emphasis on transfusion
avoidance.

IV iron is important for optimal management of
anemia in a number of settings, including cancer chemo-
therapy, inflammatory bowel disease, patients with mal-
absorption of iron such as those with celiac disease,
obstetrics, surgical blood loss, patients with gastric
bypass, and those with intestinal blood losses that exceed
the ability of the normal small intestine to absorb ingested
iron, as seen in disorders like hemorrhagic telangiectasia
(Osler-Weber-Rendu). Recent publications of studies
showing the benefit of IV iron in these settings have gen-
erated renewed interest of this important therapeutic
modality.

ABBREVIATIONS: ESA(s) = erythropoietic-stimulating agent(s);
HMW ID = high-molecular-weight iron dextran; IBD =
inflammatory bowel disease; LMW ID = low-molecular-weight
iron dextran; SC = subcutaneously; TDI(s) = total dose
infusion(s).
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The advent of erythropoietic-stimulating agents
(ESAs) and their use in the anemia of renal failure led to
the realization that adequate amounts of readily available
iron are needed for their effectiveness. Before the release
of recombinant human erythropoietin (EPO) for the treat-
ment of renal failure-associated anemia, a significant
number of dialysis patients were treated with red cell
(RBQC) transfusions.

Soon thereafter the percentage of RBC units trans-
fused to dialysis patients by one transfusion service
decreased from 7.34 percent of all RBC units in 1988 to
2.01 percent in 1991." Nonetheless, even with EPO treat-
ment, nearly 40 percent of patients failed to reach target
hemoglobin (Hb) levels, defined by the National Kidney
Foundation Guidelines to be a Hg level of 11 to 12 g per
dL.? As the role of functional iron deficiency in the anemia
of chronic disease became more clear, the use of IV iron
with EPO to achieve target Hb levels became more
common by the mid-1990s.?

Gastrointestinal absorption of iron is limited even in
normal individuals as demonstrated in studies of autolo-
gous blood donation.* In chronic disease states, increased
hepatic production of hepcidin further decreases
intestinal iron absorption. Hepcidin also decreases iron
availability by increasing sequestration by the reticuloen-
dothelial system. In the perioperative period, these same
principles apply.

In this review, we will summarize the literature on the
effectiveness of IV iron, with and without EPO, in decreas-
ing the need for transfusion in surgery and other disease
states. We will analyze the available randomized clinical
trials and several observational studies showing the ben-
efits of EPO, 1V iron, or both.

Parenteral iron preparations

At present, there are four commercially available iron
preparations in the western world. Characteristics of these
compounds are listed in Table 1. The clinical setting for
which IViron is to be used should determine which prepa-
ration is chosen. For total dose infusion (TDI), ID is
required because the iron salts cause dose-dependent
gastrointestinal or vasoactive reactions at doses higher
than 200 to 400 mg.® The preferred dextran is the LMW
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TABLE 1. Currently available IV iron preparations

Variable LMW ID Iron saccharate Ferric gluconate HMW ID
Test dose required Yes No No Yes
Vial volume (mL) 2 5 5 1-2
Milligrams of iron per milliliter 50 20 12,5 50
Black-box warning Yes No No Yes
TDI Yes No No Yes
Premedication TDI only No No TDI only
Preservative None None Benzyl alcohol None
Molecular weight measured by manufacturer (Da) 165,000 Da 34-60,000 Da 289-440,000 Da 265,000 Da

TABLE 2. Erythropoiesis during blood loss anemia: endogenous plus exogenous EPO

Number of ~ Baseline RBC  Total EPO RBCs lost (donated) RBC produced

patients vol (mL) (Ukg) Number of units Volume (mL) Volume (mL) Expansion (%) Iron therapy

11 female 1796 3600 IV 4.9 809 701 39 PO

12 male 2296 3600 IV 5.9 1097 1102 48 PO

23 2049 3600 IV 5.4 970 911 45 PO

18 2019 3600 IV 5.6 972 856 42 PO

1 male 2241 4200 SC 8 1600 1764 79 Hemachromatosis
75 1535 3600 IV 4.5 684 673 44 PO

PO = oral.

preparation because the HMW preparation is associated
with a significantly higher incidence of serious acute
events.®” For patients receiving cyclical therapies such as
cancer chemotherapy or dialysis, the iron salts or LMW ID
can be used as short 100- to 400-mg infusions.>?° In set-
tings such as the preoperative period, pregnancy, menom-
etrorrhagia, gastric bypass, and uncomplicated iron
deficiency in those intolerant to oral iron, however, a TDI
of LMW ID is more convenient, equally efficacious, and far
less expensive. Three studies comparing LMW ID with the
two salts show no difference in efficacy or toxicity among
the three products, but demonstrate considerable savings
and increased convenience with LMW ID.!*-1?

Iron-restricted erythropoiesis

Twenty years ago, Finch"® summarized knowledge gained
primarily from studies of normal individuals, patients
with hereditary hemolytic anemias, and patients with
hemochromatosis. Under conditions of basal erythro-
poiesis in normal subjects, plasma iron turnover (as an
index of marrow erythropoietic response) is little
affected, whether transferrin saturation ranges from very
low to very high levels. In contrast, the erythropoietic
response in individuals with congenital hemolytic
anemia, in whom erythropoiesis is chronically raised up
to six times over basal levels,* is affected (and limited) by
serum iron levels and by transferrin saturation.!® Patients
with hemochromatosis who underwent serial phle-
botomy were observed to mount erythropoietic
responses of up to eight times over basal rates, attributed
to the maintenance of very high serum iron and trans-
ferrin saturation levels'® (Table 2), whereas normal indi-
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viduals were shown to have difficulty providing sufficient
iron to support rates of erythropoiesis greater than
three times basal rates.'” These observations led Finch to
identify a “relative iron deficiency” state, also known as
“functional iron deficiency,” which he defined as circum-
stances in which increased erythron iron requirements
exceed the available supply of iron.'® In another clinical
setting, patients undergoing autologous blood donation
represent a model for perisurgical blood loss and the
erythropoietic response.

Phlebotomy-induced blood losses with compensa-
tory erythropoiesis mediated via endogenous EPO have
been estimated to increase RBC production by up to
threefold.’?° No apparent relationship exists between
basal iron stores and this magnitude of erythropoiesis,
suggesting that under conditions of moderate erythro-
poiesis, serum iron and transferrin saturation for erythron
requirements are adequately maintained by storage
iron.'*2-3 Little or no benefit to oral iron supplementation
was found in two studies,?** whereas a third study? found
some benefit. IV iron supplementation was not found
to be of value in enhancing erythropoiesis under these
conditions.?#

With enhanced erythropoiesis during EPO therapy,
iron-restricted erythropoiesis occurs even in patients with
measurable storage iron. Despite an eightfold increase
in gastrointestinal iron absorption,®® serum ferritin and
transferrin saturation levels decline up to 50 percent with
EPO therapy.?” Table 2 shows calculated RBC (mL) pro-
duction and percent expansion (of baseline circulating
RBC volume) in published cohorts treated with recombi-
nant human EPO in the setting of autologous blood dona-
tion prior to elective orthopedic surgery. The 39 to



48 percent expansion of RBC volume represents a three-
to fourfold increase in RBC volume.” This fourfold
increase in erythropoietic activity is accompanied by
declining reticulocyte counts and the appearance of hypo-
chromic RBCs by the second week of EPO therapy.?**° In a
study of escalating (fourfold) increases in EPO dose
administered to patients undergoing aggressive phle-
botomy, the marrow erythropoietic index increased from
2.9 times (with endogenous EPO stimulation) to 3.6 times
over basal rates of erythropoiesis, representing only a
58 percent increase in erythropoiesis.* The superior eryth-
ropoietic response in a patient with hemochromatosis
further suggests iron-restricted erythropoiesis related to
suboptimal transferrin saturation, in patients treated with
EPO.%

MANAGEMENT OF IRON-RESTRICTED
ERYTHROPOIESIS

The success of EPO therapy in correcting the anemia of
chronic renal failure has led to substantial clinical experi-
ence in iron therapy and erythropoiesis in this setting.**3!
Hyporesponsiveness to EPO therapy is a
common phenomenon®*** due to a
variety of comorbid conditions, par-
ticularly aluminum toxicity and iron
deficiency.

Anemic patients undergoing dialy-
sis may show suboptimal response to
oral iron therapy for several reasons.
During EPO therapy, absorption of iron
increases up to five times.?® External
iron losses, however, including hemodi-
alysis and blood testing, exceed gas-
trointestinal iron absorption.® Poor
compliance due to gastrointestinal
symptoms is problematic, and signifi-
cantly reduced iron absorption may
occur with some newer iron formula-
tions.* Iron-restricted erythropoiesis is
evident by clinical responses to as-
corbate supplementation, thought to
facilitate the release of iron from reticu-
loendothelial stores and increased iron
utilization by the erythron,* as well as
the success of IV iron therapy in reduc-
ing EPO dosage.?

IV iron administration is used
commonly in renal dialysis patients
undergoing EPO therapy.*® Patients
treated with IV iron (100 mg twice
weekly) achieved a 46 percent reduc-
tion in EPO dosage required to main-
tain hematocrit (Hct) levels between 30
and 34 percent, compared to patients
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supplemented with oral iron.*® In a study of 38 chronic
renal failure (nondialysis) patients, two-thirds of patients
who were unresponsive to oral iron responded to weekly
IV iron therapy. Improved erythropoiesis occurred
despite initial serum ferritin levels as high as 400 ug per
L, indicating that biochemical markers of storage iron
in these patients are not helpful in evaluating iron-
restricted erythropoiesis.

IViron therapy in iron-deficient patients with inflam-
matory bowel disease also results in improved responses
to EPO therapy,® compared to responses in a similar
patient group who received oral iron supplementation.®
The clinical response to IV iron may be attributed to the
effect of EPO therapy on iron mobilization from the reticu-
loendothelial system into RBC precursors.”” The risk-
benefit profile of IV iron continues to undergo evaluation
in renal dialysis patients®!' as well as in patients with
anemia of chronic disease.*” A recent study on all-cause
morbidity and mortality in renal dialysis patients,
however, failed to show any negative outcomes with IV
iron in patients with ferritin levels up to 1200 ng per mL
(Fig. 1). In this study of 58,000 dialysis patients, those
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Fig. 1. Risk of all-cause death by serum ferritin level (time-dependent Cox model).
KDOQI zone = 200 to 500 ng per mL (current KDOQI guidelines for iron administra-
tion to dialysis patients). Hazard ratios of death for time-varying ferritin categories.
In unadjusted model, a serum ferritin level of 800 ng per mL during each quarter
was associated with increased death rate, whereas in case mix-adjusted model, a
tendency toward increased death rate first was observed when the serum ferritin
level was greater than 1000 ng per mL. After additional multivariate adjustment for
the confounding effect of surrogates of inflammation and malnutrition, there was no
increased death rate for ferritin levels as high as 1200 ng per mL. (O) Unadjusted;
(@) case mix; (V) malnutrition-inflammation-cachexia (or complex) syndrome.
Reprinted, with permission, from Kalantar-Zadeh et al.*
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given IV iron were significantly less likely to die than those
not.*

IV iron can allow up to a fivefold erythropoietic
response to significant blood loss anemia in normal indi-
viduals.">** A greater rate of Hb production is probably
not possible unless red marrow expands into yellow
marrow space, as is seen in hereditary anemias.'*** One
limitation to IV iron therapy in patients not undergoing
EPO therapy may be that much of the administered iron
is transported into the reticuloendothelial system as
storage iron, where it is less readily available for erythro-
poiesis.® For iron-deficient patients, 50 percent of IV iron
is incorporated into Hb within 3 to 4 weeks,*® whereas for
patients with anemia of chronic disease or renal failure,
IV iron is less rapidly mobilized from the reticuloendot-
helial system.’

Oncology

At present, four studies have been performed with IV iron
with ESAs and one without. The results of all these studies
are summarized in Table 3. Each of the studies showed a
significant benefit in improving Hb and hematopoietic
responses (achievement of a Hb of 12 g/dL or a 2-g incre-
ment in Hb from baseline). A brief summary of these trials
follows.

The first study to show a significant benefit for IV iron
in improving responses to ESAs in cancer chemotherapy
patients was published in 2004.#® A total of 157 patients
were enrolled and 155 were treated with EPO 40,000 U
subcutaneously (SC) per week and no iron, oral iron as
325 mg if ferrous sulfate twice daily, 100-mg boluses of IV
ID weekly until the total calculated deficit was adminis-
tered, or a single TDI of ID to the same calculated dose.
Nineteen patients received transfusions. Although there
were significant improvements in Hb levels (Fig. 2, Hb
responses with IV Fe) and hematopoietic responses in
both IV iron arms, there was no significant difference in
transfusions among the four arms. This study was not
powered to examine differences in transfusion require-
ments among the four groups. Only one serious acute
event requiring discontinuation of therapy with IV iron
occurred. This occurred in a patient receiving ID who
received the HMW ID during a brief period when the LMW
preparation was unavailable. After recovery this patient
received a TDI of LMW ID uneventfully.

Henry and colleagues* published the results of 189
patients randomly assigned to receive EPO given as
40,000 U SC per week plus no iron, oral iron as 325 mg
of ferrous sulfate thrice daily, or IV ferrous gluconate as
125-mg weekly boluses. IV iron resulted in improved Hb
and hematopoietic responses but there were no differ-
ences in the number of patients requiring transfusions. A
recently published study by Hedenus and colleagues®
randomly assigned 67 patients with lymphoproliferative
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Fig. 2. Hb changes from baseline to endpoint by treatment
group for the intent-to-treat population. Difference from
baseline to endpoint Hb value, p < 0.001 for all treatment
groups. °p < 0.05 versus no-iron group; p < 0.05 versus oral-
iron group. (M) Baseline Hb; () maximal Hb; (H) Hb change
from baseline. Reprinted, with permission, from Auerbach
etal.*

malignancies not receiving chemotherapy with positive
marrow hemosiderin. Again, IV iron resulted in improved
Hb and hematopoietic responses but there were no
differences in transfusion requirements. This study
was not powered to show a difference in transfusion
requirements.

At the May 2007 annual meeting of the American
Society of Clinical Oncology, Pinter and coworkers®
presented data on 398 patients with solid tumors and
nonmyeloid hematologic malignancies and chemother-
apy-induced anemia. Once again, this study showed sig-
nificant improvement in Hb and hematopoietic responses
in the IV iron arm. This study, however, showed a signifi-
cant reduction in patients receiving transfusions in the IV
iron arm (9% vs. 20%; Fig. 3).

Finally, in a population of 75 patients with anemia
receiving chemoradiation therapy for carcinoma of the
cervix, Kim and coworkers® randomly assigned patients
to receive no therapy or IV iron sucrose. None of the
patients in either arm received ESAs. Sixty-four percent
of the patients in the control arm and 40 percent of the
patients in the IV iron arm received transfusions. This
study raises the question of the benefit of IV iron alone in
decreasing transfusion requirements in patients receiving
chemoradiation therapy.

To conclude, there are little data supporting a
decreased transfusion requirement from the addition of
IV iron in patients with cancer receiving chemotherapy
or chemoradiation therapy because the trials were not
powered to look for a difference in transfusions. Numer-
ous studies have shown a significant decrease in
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30

patients required transfusion. No sig-

Difference (95% Cl) = -11%
(-18 to —-3); p = 0.005

nificant toxicity was seen with iron
sucrose administration. The authors

25

20

15

10

©

% Patients

IV Iron (n=185)

Fig. 3. Percentage of patients who received transfusions, for patients enrolled in the
study for at least 29 days. Reprinted, with permission, from Pinter et al.*

transfusions with ESA therapy in cancer chemotherapy
patients. Because every study comparing ESA therapy
alone to ESA therapy plus IV iron showed a benefit from
the addition of IV iron, a properly powered study to show
a difference in transfusion requirements appears
indicated.

Inflammatory bowel disease

Iron deficiency has been reported in up to 75 percent of
patients with inflammatory bowel disease (IBD). In addi-
tion to iron deficiency, concomitant anemia of chronic
disease may be present due to the up regulation of hepci-
din by inflammatory cytokines released in these condi-
tions.”*** In patients with IBD, oral iron therapy is
associated with severe side effects, is poorly absorbed, has
limited efficacy, and has actually been associated with
worsening of the bowel symptoms.*® Published prospec-
tive data on the efficacy of IV iron in IBD is limited to iron
sucrose.”® Gasche and coworkers® randomly assigned 40
patients with IBD and anemia receiving 200 mg of IV iron
sucrose to either EPO or placebo. All patients were either
refractory or intolerant to oral iron. All medication was
administered weekly, with EPO or placebo starting at
Week 9 after iron treatment initiation. Fifteen of 20
patients with iron sucrose alone and 18 of 19 with iron
sucrose and EPO responded with at least a 2-g increment
in Hb or the achievement of a Hb of 120 g per L. The
nonresponders in both groups all had normal iron stores
based on pretreatment serum percent transferrin satura-
tion and ferritin levels. Treatment was withheld at a Hb
level of 140 g per L or greater. The mean increase in Hb
was 3.3 g per dL in the IV iron only group and 4.9 g in the
IViron plus EPO group. Nine of the 40 patients received at
least 1 unit of RBCs in the previous year. No treated
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Oral Iron/No Iron (n=190)

concluded that IV iron sucrose is a
viable tool for the treatment of anemia
in patients with IBD. The addition of
EPO increases the percentage of
responders and decreases the time
needed to reach target Hb levels.

In the experience of one author
(MA), 26 patients with IBD and anemia
with evidence of iron deficiency
received a TDI of LMW ID. Twenty-three
of 26 achieved a Hb level of at least 12 g
per mL. The three nonresponders
responded to the addition of EPO after
developing evidence of anemia of
chronic disease based on a low percent-
age of transferrin saturation, normal
serum ferritin, and low endogenous
EPO level. Given the increased convenience, equal effi-
cacy, safety, and reduced cost of this method of IV iron
administration, one can conclude that it is the preferred
method of iron replacement in this patient population.

A recent systematic review on anemia management
in Crohn’s disease found the reported prevalence of
anemia as ranging from 6.2 to 73.7 percent and iron defi-
ciency the most common underlying condition. The
authors point out the lack of diagnostic criteria and treat-
ment guidelines. Oral iron is effective only for short
periods, however, as intolerance leads to discontinuation
in up to 21 percent of cases. IV iron has been used in more
than 250 patients with Crohn’s disease and demonstrated
to be safe, effective, and well tolerated.®”

Pregnancy
In 1996, the estimate by the WHO of worldwide cases of
anemia of pregnancy was of the order of 20 million.
Despite the efforts of programs to correct iron deficiency
anemia by the administration of oral iron, the numbers in
2003 were the same, leading to the conclusion that oral
iron supplementation programs were not working.
Anemia contributes to maternal mortality due to
peripartum blood loss; is associated with neonatal
growth retardation, prematurity, and infection; and can
contribute to poor postpartum wound healing, depres-
sion, and impaired lactation. Even though oral iron is
prescribed to most pregnant women, a not insignificant
percentage arrives at term with a Hb level of less than
11 g per dL. A Hb level of 11 g per dL in the first and third
trimesters, and 10.5 g per dL in the second, is the lowest
acceptable level during pregnancy. A Hb level of less than
10.5 g per dL is considered anemia, and treatment is
often recommended.



For the diagnosis of iron deficiency anemia in patient
populations, a ferritin level of less than 30 ug per L is diag-
nostic.® Higher levels do not exclude iron deficiency if
there is evidence of inflammation with an increase in the
C-reactive protein. Oral iron can correct anemia but is
often poorly tolerated. In such cases, or if a more rapid
response is required, IV iron may be a more rational
alternative.

Al-Momen and coworkers® reported the results of a
prospective, open-label, parallel-group, controlled study
of 52 pregnant women treated with IV iron sucrose and 59
with 300 mg of ferrous sulfate orally thrice daily. Gesta-
tional age was less than 32 weeks and Hb level was less
than 9.0 g per dL in all women. The Hb level reached
12.85 g per dL in the IV Fe group and 11.14 g per dL in the
oral group. The time to maximal response was 7 weeks in
the IV Fe group and 14 weeks in the oral group (p < 0.001).
No adverse effects were noted in the IV Fe group while
6 percent complained of gastrointestinal disturbances
and 30 percent had poor compliance, in the oral group.

Bayoumeu and colleagues® randomly assigned 47
women with a Hb level 8 to 10 g per dL and a ferritin level
of less than 50 ug per L at 6 months of pregnancy to IV Fe
or oral iron. Both groups attained a Hb level of 11.0 g per
dL by Day 30, but the IV Fe group had a higher ferritin on
Day 30 and at delivery. A higher birth weight was noted in
the infants of this group of women. Al and coworkers®
randomly assigned 90 women with gestational ages
between 26 and 34 weeks with Hb levels of 8.0 to 10.5 g per
dL and ferritin levels of less than 13 ug per L to IV Fe or oral
iron. At 4 weeks, 20 percent in the oral and 60 percent
in the IV Fe group reached the target Hb of level 11.0 g per
dL (p<0.001). At delivery, 62 percent in the oral and
96 percent in the IV group had a Hb level of 11.0 g per dL
(p <0.001).%

Several recently published studies in obstetric
patients used iron sucrose as the iron preparation. Its use
has been proven safe with a less than 0.5 percent inci-
dence of minor reactions during pregnancy. It is given in
doses of 200 mg over 30 minutes up to three times per
week, depending on need.®*% Tron sucrose has also been
shown to synergize with EPO.% LMW ID as a source of IV
iron can also be given safely as a TDL% This method is
more convenient, equally efficacious and safe, requires
only one visit, and is less expensive than multiple injec-
tions of either iron sucrose or ferric gluconate. Experience
with this method of iron administration has been
described as early as 1973.° More than 2000 pregnant
women received TDI with nearly 100 percent efficacy
and negligible toxicity. No severe reactions were seen.
Unfortunately, severe acute reactions reported in up to
1 percent of patients receiving formerly used HMW 1D
have limited the use of LMW ID in western medicine. With
the advent of LMW ID, these acute reactions are rarely
seen. In the experience of one author (MA), 28 pregnant

IV IRON IN ANEMIA MANAGEMENT

patients with documented iron deficiency were treated
with TDIs of LMW ID without toxicity. The correction of
Hb levels was complete in all patients. On the other hand,
data to show that correction of anemia with IV iron
reduces the incidence of allogeneic transfusions are
limited.

At the department of obstetrics at the University Hos-
pital of Zurich, more than 2000 patients intolerant or
unresponsive to oral iron received IV iron sucrose in doses
up to 200 mg and a total dose of 1600 mg. During this
period, the percentage of women who received transfu-
sions decreased from 20 percent in 1980 to 0.5 percent
in 2005.%7

Developing countries are beginning to use parenteral
iron more commonly in pregnancy. In a Pakistani Hospital
where 50 percent of all pregnant women are iron defi-
cient, the transfusion rate was 10 percent at term. Therapy
with parenteral iron has resulted in a decrease in
transfusions.®

A Hb level of less than 10.0 g per dL 48 hours after
delivery is considered clinically significant anemia in the
postpartum period. Postpartum anemia is a frequent
problem and is usually treated with transfusion or iron.
The effect of oral iron is limited due to gastrointestinal
disturbances and poor compliance. In a recent study by
Bhandal and Russell,* 44 women with Hb levels of less
than 9 g per dL and ferritin levels of less than 15 ug per L at
24 to 48 hours after delivery were randomly assigned to
receive either two doses of 200 mg of IV iron sucrose on
Days 2 and 4 or 200 mg of ferrous sulfate daily for 6 weeks.
Of the 42 evaluable women, all but 1 had a lower segment
cesarean section, with a median blood loss of 750 mL. The
Hb level increase on Day 5 was 2.5 g per dL in the IV group
and 0.7 g per dL in the oral group. On Day 14 the Hb level
was 11.1 g per dL in the IV group and 9.0 g in the oral
group. By Day 40, the groups were comparable. Also iron
stores were restored only in the IV group. Results from
other studies are similar.> Table 4 summarizes existing
data in studies with IV iron in pregnancy and the
puerperium.

There are no randomized studies showing a beneficial
effect of IV iron on transfusion requirements. A study by
Broche and coworkers,” however, is indicative of the ben-
eficial effect. The need for transfusion after delivery was
compared in two groups of women, one before and one
after IV iron became available. Of 103 women in the first
group, 15 received transfusions compared to 5 of 112 in
the second group. Twenty-three women in the latter group
would have received transfusions, based on their Hb
levels, if IV iron were not available.

Based on the safety and efficacy profiles of most
parenteral iron preparations, a shift in the treatment para-
digm for anemia of pregnancy from oral to IV iron appears
indicated. Reasons for this paradigm shift include: 1)
maternal anemia is associated with poor neonatal
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0.7 g/dL in oral

group

1.5 g/dL (25 days)

iron)

Puerperium: max.

In the puerperium

3.2 g/dL (14 days)

Side effect rate

Good 23% adverse

Good

Good Good

Good

Good 30% adverse

Tolerance

effects with oral Fe

<0.5%

effects with oral Fe

* Modified from Huch and Breymann.®”
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outcomes; 2) oral iron is poorly absorbed in cases where
there is a concomitant inflammatory element or bowel
disease; 3) compliance with oral iron intake is often poor
due to gastrointestinal toxicity; 4) safe preparations for
IV iron administration are now available; and 5) women
presenting in the third trimester with persistent anemia
(Hb < 11.0) will not succeed in correcting the anemia with
oral iron before delivery time.

Surgery

Although exact figures are difficult to find, surgery uses
approximately 50 percent of the available blood supply in
the developed world. Blood conservation efforts, however,
with the emphasis on transfusion triggers in some coun-
tries have brought this percentage to below 40 percent.”
Even so, a significant proportion of the blood collected is
used for surgery and further efforts at conservation are
warranted in view of the continuously increasing blood
shortages. We will review the evidence that a new para-
digm optimizing integration of IV iron with ESA therapy
may be warranted.

Blood conservation in joint replacement surgery
It has been shown that a third of patients presenting for
elective orthopedic surgery have Hb levels of less than
13 g per dL.” The cause of the anemia is often iron defi-
ciency. Recent studies have pointed out the significance of
preoperative anemia as a risk factor predisposing to pre-
operative allogeneic blood transfusion. Rosencher and
coworkers™ reported on a prospective study carried out in
225 hospitals with 3996 orthopedic procedures, during
which 69 percent of patients received transfusions. The
authors noted that the probability of allogeneic transfu-
sion decreased with increasing baseline Hb. Querin and
Stahl” studied transfusion requirements in 162 consecu-
tive patients undergoing hip or knee replacement for
osteoarthritis. Twenty-five percent received transfusions
of a mean of 2 units of RBCs per patient (range, 1-4 units).
Preoperative Hb for those receiving 1, 2, or 4 units was
13.4, 13.1, and 11.1, respectively, decreasing to 10.5, 10.1,
and 6.6 g postoperatively. Multivariate analysis concluded
that preoperative Hb was the only variable to indepen-
dently predict for blood transfusion. Further, in an audit of
nearly 8000 patients undergoing elective orthopedic
surgery in the United States, one-third were found to
be anemic before surgery (Hb <13 g/dL for men and
12 g/dL for women). The preoperative Hb level was the
primary determinant for subsequent allogeneic blood
transfusion.”™

Iron deficiency contributes to a significant degree to
the anemia of patients presenting for surgery. Iron defi-
ciency can be corrected with the administration of either
oral or IV iron. The major clinical difference seen between
the two routes of administration is the speed with which



the Hb increases (7-14 days vs. 30-40 days) and the
replenishment of iron stores. In patients scheduled for
surgery, rapid correction of the anemia could expedite the
procedure and avoid delays, especially in nonelective sur-
gery.” Elderly patients with subcapital hip fracture were
given 600 mg of iron sucrose IV plus EPO for 2 days and
were operated on the third day after admission. Transfu-
sion rate was 15 percent compared to 36.8 percent in a
control group, and the transfusion index was 0.26 units
versus 0.77 units per patient.

Garcia-Erce and colleagues,® in Spain, treated 81 hip
fracture patients with IV iron sucrose administered as
three 200-mg boluses over 48 hours and 40,000 U of EPO
SC. The patients were compared to 41 similar patients
admitted to a different surgical unit during the same
period. Of treated patients, 24 percent required transfu-
sion compared to 70 percent in the controls (p=001)
and postoperative transfusion was given to 19 percent
versus 53 percent in controls. The median number of
units transfused was 0 versus 2 (p = 0.0001). No adverse
events and no differences in 30-day mortality were noted
but infections were reduced in the treatment arm
(p =0.016).

Garcia-Erce and colleagues® also showed a reduc-
tion in transfusion requirements in patients with knee
replacement surgery. Iron sucrose, administered as two
200-mg boluses over 48 hours, was given to 129 patients.
EPO was added in 19 patients with admission Hb levels
of less than 13.0 g per dL. Only 7 patients (5%) required
transfusion, and at Postoperative Day 30 only 15 percent
had anemia.

Munoz and colleagues® compared transfusion re-
quirements in 24 total hip replacement patients receiving
300 mg of IV iron sucrose postoperatively, to 22 total hip
replacement patients who did not. The transfusion rate
was lower (46% vs. 73%) and the transfusion index was
lower (0.96 units/patient vs. 1.68 units/patient) in the
treatment arm. No adverse events were noted.

At the institution of one author (DP), surgeons were
offered a program to treat patients with anemia with IV
Fe and EPO preoperatively. Thirty-five patients were
treated 4 weeks before a knee or hip replacement opera-
tion with a TDI of 1000 mg of LMW ID and weekly EPO
for 2 or 3 weeks. Preoperative Hb levels ranged from 10.0
to 12.5 g per dL. EPO was held for Hb levels of more than
13 g per dL. These 35 patients were matched against 35
similar patients not using EPO and IV Fe. Eighty percent
fewer patients and 80 percent fewer RBC units were
transfused in the patients receiving EPO and IV Fe.

Large randomized controlled trials are still lacking
but the observational studies carried out to date suggest
a significant role of IV iron in blood conservation in
orthopedic surgery. Both preoperative and postoperative
iron administration are likely to reduce the need for
perioperative transfusions in this group of patients.

IV IRON IN ANEMIA MANAGEMENT

Cardiac surgery

Most studies in cardiac surgery used postoperative IV iron
administration and do not show differences in transfu-
sion requirements, although iron stores are significantly
increased by IV iron.®® A recently reported review of all
published evidence, related to blood conservation during
cardiac operations, identified the risk factors associated
with postoperative blood transfusion. Preoperative RBC
volume was one of the variables predicting for blood
transfusion. Based on available evidence, blood conserva-
tion techniques were recommended, including pharma-
cologic interventions such as ESAs and IV iron, that
increase preoperative RBC volume. Parenteral iron prepa-
rations may be attractive candidates for decreasing RBC
transfusions. The combination of EPO with IV iron given
preoperatively should be studied in future controlled
trials.®

Colorectal cancer surgery

There are estimates that 70 percent of colon cancer
patients have anemia at diagnosis. The most common
cause is iron deficiency secondary to chronic blood loss.
Correcting the iron deficit preoperatively has been shown
to reduce allogeneic blood transfusion.

Braga and colleagues® studied 151 patients with
gastric or colorectal cancer scheduled for potentially cura-
tive surgery. The primary endpoint was the ability to
donate 1 or 2 autologous units. A Hct level of more than
34 percent was required for donation. A secondary end-
point was number of allogeneic units transfused based on
a Hct level of less than 25 percent or clinically significant
anemia. Eligibility included a Hct level of less than
34 percent and documented iron deficiency based on
serum iron, total iron-binding capacity, percent transfer-
rin saturation, and serum ferritin levels. Patients were
divided into two groups: 200 mg of IV iron sucrose daily
for 12 days or 300 U per kg recombinant EPO on Day 1
with 200 mg IV iron sucrose. One-hundred units per kg SC
EPO was given on Days 4, 8, and 12 along with 200 mg of
IV iron sucrose. The control group consisted of 11 similar
patients with neither anemia nor iron deficiency. No
patients in the iron-alone group could donate blood for
autologous transfusion while 8 patients in the EPO-plus-
iron group donated at least 1 unit. Further, 4 patients in
the iron-only group received at least 1 allogeneic unit con-
trasted with none in the EPO-plus-iron group. The authors
concluded the combination of IV iron sucrose and EPO
could potentially reduce perioperative allogeneic blood
transfusion.

In another study in 1999, Braga®® treated 20 iron-
deficient patients with gastrointestinal cancer with either
100 or 50 U per kg SC EPO for 4 days. Patients in both
groups received IV ferric gluconate daily for 15 days. Hb
increase was higher in the 100 U per kg arm (22.3 g/L vs.
14.1 g/L). Although autologous donation was greater in
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the 100 U per kg arm no difference in allogeneic transfu-
sion was noted. No conclusion could be made about the
benefit of IV ferric gluconate.

Finally, Kosmadakis and associates®” treated 75
patients with nonmetastatic gastrointestinal malignan-
cies preoperatively. Patients received either 300 U per kg
EPO daily for 14 days or placebo for the same period. All
patients received 100 mg of IV iron sucrose daily. Patients
in the treatment arm had significantly fewer allogeneic
transfusions (29% vs. 59.3%) and significantly fewer post-
operative complications (12.9% vs. 40.6%).

Conflicting data exist with the combination of oral
iron and EPO. Rau and coworkers®® treated 57 patients
with 200 U per kg EPO or placebo for 11 days. All patients
received oral ferrous sulfate daily. Eighty-three autologous
units were donated in the treatment arm versus 59 in the
placebo arm. No difference in allogeneic transfusions
between the two groups was noted, however. In contrast
Kettelhack and coworkers® treated 102 patients with
20,000 U EPO SC or placebo plus oral ferrous sulfate for at
least 10 days and showed no difference in either autolo-
gous donation or allogeneic transfusion between the
groups.

These data were reviewed by Munoz and colleagues®
who concluded that IV iron but not oral iron synergizes
with EPO in increasing autologous blood donation and
reducing allogeneic transfusion in the perioperative
period. They further concluded IV iron can be used safely
in colorectal cancer patients to correct preoperative iron
deficiency anemia.

CONCLUSIONS

In an effort to reduce allogeneic RBC usage, transfusion
alternatives have been explored in recent years.”" Emerg-
ing evidence in developed countries suggests that ESAs
and IViron result in decreased transfusion rates. There are
now numerous publications supporting an essential role
for IV iron in the management of anemia, particularly as
an adjunct to ESA therapy. Furthermore, the use of IV iron
as an adjunct to ESA therapy in nephrology has resulted in
decreased numbers of transfusions and decreased ESA
exposure in dialysis patients.

We believe that the information supplied in this
review supports the need for larger controlled trials with
IV iron to further decrease the need for RBC transfusions
in settings where transfusions are likely.
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